IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 


Examiner: Wegert, Sandra 


David Botstein, et al. ] 


Art Unit: 1647 


Application Serial No. 09/989,734 ) 


Confirmation No: 1136 


Filed: November 19, 2001 ; 


Attorney's Docket No. 39780-2730 P1C64 


For: SECRETED AND ) 


Customer No. 35489 


TRANSMEMBRANE ) 




POLYPEPTIDES AND NUCLEIC ] 




ACIDS ENCODING THE SAME ) 





FILED VIA EFS 

DATE MAILED: MAY 11, 2007 



ON APPEAL TO THE BOARD OF PATENT APPEALS AND INTERFERENCES 
APPELLANTS' BRIEF 

MAIL STOP APPEAL BRIEF - PATENTS 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Dear Sir: 

On April 13, 2006, the Examiner made a Final Rejection to pending Claims 124, 129-131 
and 135-150. A Response to Final and a Notice of Appeal was filed on October 13, 2006. An 
Advisory Action was mailed November 1, 2006 and an Amendment wherein claims 139-148 
were canceled was filed April 12, 2007. 

Appellants hereby appeal to the Board of Patent Appeals and Interferences from the last 
decision of the Examiner. 

The following constitutes Appellants' Brief on Appeal. 



1 . REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the parent application, U.S. Patent Application Serial No. 09/941,992 recorded 
November 16, 2001, at Reel 012176 and Frame 0450. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to nucleic acids encoding the 
polypeptide referred to herein as "PROl 182." A related patent application, U.S. Serial No. 
09/997,529, filed November 15, 2001 (containing claims directed to the PROl 182 polypeptide), 
U.S. Serial No. 09/998,041, filed November 15, 2001 (containing claims directed to the 
PROl 182 antibodies) are also under final rejection from the same Examiner, and based upon the 
same outstanding rejection, an appeal of the final rejection(s) are being pursued independently 
and concurrently herewith. 

3. STATUS OF CLAIMS 

Claims 124, 129-131, 135-138, 149 and 150 are pending in this application. 
Claims 1-123, 125-128, 132-134 and 139-148 are canceled. 

Claims 124, 129-131, 135-138, 149 and 150 stand rejected and Appellants appeal the 
rejection of these claims. 

A copy of the rejected claims involved in the present Appeal is provided in the Claims 
Appendix. 

4. STATUS OF AMENDMENTS 

In an Amendment filed on April 12, 2007, after the mailing of the Final Office Action of 
April 13, 2006, Claims 139-148 were canceled. This cancellation did not affect the scope of any 
other pending claim in the proceeding, raised no new issues and placed the claims in better form 
for consideration on appeal. The cancellations were communicated in a telephone conference 
with Examiner Wegert on April 12, 2007 and were indicated as acceptable. Now, Claims 124, 
129-131, 135-138 and 149-150 are pending and are under Appeal in this case. The rejections 
under 35 U.S.C. §101 to Claims 139-148 for alleged lack of utility, and further under 35 U.S.C. 
§112, first paragraph to Claims 146-148 for allegedly not satisfying the written description 
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requirement are thereby moot. The outstanding rejections are addressed with respect to the 
pending claims. 

5. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to a nucleic acid sequence of 
SEQ ID NO:356, the full-length coding sequence of the nucleic acid sequence of SEQ ID 
NO:356; or the full-length coding sequence of the cDNA deposited under ATCC accession 
number 203088 (Claims 124 and 129-131). This nucleic acid encodes for a polypeptide of SEQ 
ID NO:357, referred to in the present application as "PR01182." The invention is further 
directed to a vector comprising the nucleic acid described above, a vector which can be operably 
linked to control sequences recognized by host cells transformed with the vector, and to a host 
cell comprising the above described vector (Claims 135-138). The invention is further directed 
to nucleic acids having at least 95% or 99% nucleic acid sequence identity to: a nucleic acid 
sequence encoding the polypeptide of SEQ ID NO: 357; a nucleic acid sequence encoding the 
polypeptide of SEQ ID NO: 357, lacking its associated signal peptide; the nucleic acid sequence 
of SEQ ID NO:356, the full-length coding sequence of the nucleic acid sequence of SEQ ID 
NO:356; or the full-length coding sequence of the cDNA deposited under ATCC accession 
number 203088, wherein the polypeptide encoded by said nucleic acid enhances the uptake of 
Glucose/FFA by adipocyte cells (Claims 149-150). The PRO 11 82 polypeptide was shown, in 
the present application, to enhance the uptake of Glucose/FFA by adipocyte cells as compared to 
controls which are set forth in the specification in Example 158. 

The full-length cDNA nucleic acid sequence encoding PROl 182, also referred to as 
"DNA59848-1512" is described in the specification in Figure 251 and SEQ ID NO: 356. Page 
300, lines 8- 1 1 of the specification provides the description for Figures 252 and 25 1 . Isolation of 
clones encoding PROl 182 of SEQ ID NO: 357 is described in the specification, for example, in 
Example 111, page 492 and on pages 226-228. That PROl 182 is a polypeptide having 
homology to conglutinin protein, a member of the C-type lectin family, and is described at pages 
33-34 and page 364. 

PRO nucleic acid variants having at least about 95% sequence identity to a DNA 

molecule encoding PROl 182 are described in the specification at, for example, on page 308. 

Percent identity to a DNA molecule is disclosed on page 309-31 1. Methods for selecting a 
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vector are generally set forth in the specification at, for example, on page 376, line 12 onwards. 
Examples 140-143 (pages 514-520) describes the expression of PRO nucleic acids in various 
host cells, including E. coli, yeast and Baculovirus-infected insect cells (Claims 137-138). 

Example 158, in the specification at page 530, shows that PROl 182 tested positive in the 
Adipocyte Glucose/ FFA uptake assay, demonstrating that PROl 182 is active as a stimulator of 
glucose and/or FFA uptake, and therefore would have utility in the therapeutic treatment of 
disorders where the stimulation of glucose uptake by adipocytes would be beneficial, for 
example, obesity, diabetes or hyper- or hypo-insulinemia. 

6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

I. Whether Claims 124, 129-131, 135-138, and 149-150 satisfy the utility requirement of 35 
U.S.C. §101 and 35 U.S.C. §112, first paragraph. 

II. Whether Claims 149-150 satisfy the written description requirement of 35 U.S.C. §112, 
first paragraph. 

7. ARGUMENT 
Summary of the Arguments 

Issue I: Utility 

The Examiner continues to maintain rejections based on the gene amplification assay (see 
pages 3-6 of the Final Office Action). Since Appellants need show at least one utility to meet the 
requirements of 35 U.S.C. §101, instead of the gene amplification assay , the instantly pending 
claims were amended to rely upon assay 94 or 'the glucose/FFA uptake assay,' (Example 158) 
for patentable utility of PR01182 polypeptides, in the responses filed February 28, 2005, January 
20, 2006 and October 13, 2006. Accordingly, any of the Examiner's rejections /references or 
discussions referring to the gene amplification assay are not currently addressed. Only rejections 
directed to the glucose/FFA uptake utility are discussed below. 

Patentable utility of the claimed nucleic acid to PROl 182 polypeptides is based upon the 
results of the adipocyte glucose/FFA uptake assay for this polypeptide. The specification 
discloses that the adipocyte glucose/FFA uptake assay is designed to determine whether a 
polypeptide is capable of modulating, either positively or negatively, the uptake of glucose or 
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free fatty acids in adipocyte cells. By making such determinations, the assay identifies 
polypeptides that are expected to be useful for treating disorders wherein stimulation or 
inhibition of glucose uptake by adipocytes is expected to be therapeutically effective, for 
example, diabetes, and hyper- or hypo-insulinemia. 

The glucose/FFA uptake assay, as described in Example 158 of the instant application, 
was well known in the art at the time of the effective filing date of the instant application. As 
demonstrated by the references of record, similar assays were commonly used to identify 
potential anti-diabetic agents. For instance, at the time of the effective filing date of the instant 
application, it was well known in the art that increasing glucose uptake by adipocyte cells is a 
hallmark of a number of therapeutically effective agents, such as troglitazone and pioglitazone. 
Treatment with vanadium salts, another agent which increased glucose uptake, was shown to 
lower glucose levels in hyperglycemic rats. Diabetes, hyperglycemia, and obesity were know at 
the time of filing to be closely linked conditions (see, for example, Sandouk, page 352). Thus, 
the art has shown that agents which decrease circulating FFA levels (or increase glucose/FFA 
uptake by adipocytes) are useful in the treatment of disorders such as diabetes, hyperglycemia, 
and obesity. 

Appellants note that the evidentiary standard to be used throughout ex parte examination 
in setting forth a rejection is a preponderance of the totality of the evidence under consideration. 
Thus, to overcome the presumption of truth that an assertion of utility by the applicant enjoys, 
the Examiner must establish that it is more likely than not that one of ordinary skill in the art 
would doubt the truth of the statement of utility. Only after the Examiner has made a proper 
prima facie showing of lack of utility, does the burden of rebuttal shift to the applicant. 
Therefore, the legal standard for patentable utility is not absolute certainty. Clear evidence 
supports the glucose/FFA uptake enhancing activity of PROl 182. On the other hand, the 
Examiner has provided no evidence to demonstrate that it more likely than not that one of skill in 
the art would doubt the truth of this asserted utility of PRO 11 82 as an enhancer of glucose/FFA 
uptake. 

It is known in the art that FFA levels regulate glucose uptake by adipocytes. Thus, even 
if the actual mechanistic effect of PRO 11 82 is only to directly increase FFA uptake by adipocyte 
cells, this will necessarily result in indirectly increasing glucose uptake by adipocytes. 
Furthermore, agents which are well known in the art as useful in the treatment of diabetes, such 
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as the thiazolidenediones, have been shown to exert their effects, at least in part, through the 
increase of FFA uptake by adipocytes. Accordingly, an agent which increases FFA uptake by 
adipocytes has the same utility in the treatment of disease as those recognized by the Examiner 
for agents which enhance glucose uptake. 

Appellants submit that when the proper legal standard is applied, one should reach the 
conclusion that the present application discloses at least one patentable utility for the claimed 
nucleic acid to PRO 1 182 polypeptides. Further, based on this utility, one of skill in the art would 
know exactly how to use the claimed nucleic acid to PRO 1 182 polypeptides without any undue 
experimentation. 

Issue II: Written Description 

Appellants argue this rejection as applied to pending Claims 149-150. According to the 
Examiner, the subject matter was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventors had possession of the 
claimed invention at the time of filing. 

Amended Claims 149-150 claim the genus of nucleic acids with at least 95-99% 
sequence identity to a nucleic acid encoding the polypeptide of SEQ ID NO:357, or the nucleic 
acid of SEQ ID NO: 356, with the functional recitation: "wherein the polypeptide encoded by 
said nucleic acid enhances the uptake of glucose or FFA (free fatty acids) by adipocyte cells," 
which is based on a well-established assay known to the skilled artisan at the effective filing date 
of this application. Moreover, the instant invention evidences the actual reduction to practice of 
full-length PRO 1 1 82 encoding nucleic acid sequence of SEQ ID NO: 357, with or without its 
signal sequence, or encoded by the full-length coding sequence of the cDNA deposited under 
ATCC accession number 203088. Therefore, the claimed nucleic acid t o PRO 1 182 polypeptides 
of Claims 149 and 150 are defined both bv functional as well as structural features . Example 
158, (page 530) of the present application provides detailed protocols for the glucose or FFA 
(free fatty acids) uptake assay by adipocyte cells including the extensive step-by-step guidance in 
the specification. Appellants claim only those nucleic acids which meet both recitations of the 
claims, structural and functional. Based on the detailed description of the cloning and expression 
of variants of PROl 182 in the specification, the description of the glucose or FFA (free fatty 
acids) uptake assay, the description of testing for variant nucleic acids in the glucose/ FFA assay, 
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the actual reduction to practice of sequence SEQ ID NO: 3 56 and the functional recitation in the 
instant claims, one of skilled in the art would know that Appellants possessed the invention as 
claimed in the instant claims, at the time of filing of the application. From the specific activity of 
the PROl 1 82 polypeptide, the description of the claimed nucleic acid genus is achieved. 

Accordingly, Appellants respectfully request reconsideration and withdrawal of this 
outstanding rejection under 35 U.S.C. §1 12, first paragraph. 

These arguments are all discussed in further detail below under the appropriate headings. 

ISSUE I: Claims 124. 129-131. 135-138 and 149-150 satisfy the utility requirement of 35 
U.S.C. §101 and 35 U.S.C. §112. first paragraph 

Claims 124, 129-131, 135-138 and 149-150 stand rejected under 35 U.S.C. §101 because 
allegedly "the claimed invention is not supported by either a specific and substantial asserted 
utility or a well-established utility." (Page 2 of the Final Office Action mailed April 13, 2006). 

Appellants submit, for the reasons set forth below, that the specification discloses at least 
one credible, substantial and specific asserted utility for the PROl 182 polypeptides, and 
therefore for the claimed nucleic acids encoding it. 

A. The Legal Standard for Utility 

According to 35 U.S.C. § 101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and requirements of this title. (Emphasis 
added). 

In interpreting the utility requirement, in Brenner v. Manson, 1 the Supreme Court held 
that the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 
her invention, i.e. a utility "where specific benefit exists in currently available form." 2 The Court 
concluded that "a patent is not a hunting license. It is not a reward for the search, but 



1 Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 

2 Id. at 534, 148 U.S.P.Q. (BNA) at 695. 
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compensation for its successful conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy." 3 

Later, in Nelson v. Bowler, 4 the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may 
not establish a specific therapeutic use. The court held that "since it is crucial to provide 
researchers with an incentive to disclose pharmaceutical activities in as many compounds as 
possible, we conclude adequate proof of any such activity constitutes a showing of practical 
utility." 5 

In Cross v. Iizuka, 6 the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "in vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 
i.e. there is a reasonable correlation there between." 7 The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 
practical utility." 8 

The case law has also clearly established that applicants' statements of utility are usually 
sufficient, unless such statement of utility is unbelievable on its face. 9 The PTO has the initial 
burden to prove that applicants' claims of usefulness are not believable on their face, hi 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 



3 Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

4 Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 

5 Id. at 856, 206 U.S.P.Q. (BNA) at 883. 

6 Cross v. Iizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 
1 Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 

8 Id. 

9 In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 

10 Ibid. 
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to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in 
the art to question the objective truth of the statement of utility or its scope." 11,12 

Compliance with 35 U.S.C. §101 is a question of fact. 13 The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration. 14 Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines") 15 , which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when 
it is particular to the subject matter claimed. For example, it is generally not enough to state that 
a nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the 
public" or similar formulations used in certain court decisions to mean that products or services 
based on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement. "Rather, any reasonable use that an applicant has identified for the invention 
that can be viewed as providing a public benefit should be accepted as sufficient, at least with 



11 In re Longer, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

12 See also In reJolles, 628 F.2d 1322, 206 U.S.P.Q. 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 144 
U.S.P.Q. 351 (1965); In re Sichert, 566 F.2d 1154, 1 159, 196 U.S.P.Q. 209, 212-13 (C.C.P.A. 1977). 

13 Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

14 In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 

15 66 Fed. Reg. 1092 (2001). 
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regard to defining a 'substantial' utility." 16 Indeed, the Guidelines for Examination of 
Applications for Compliance With the Utility Requirement, 17 gives the following instruction to 
patent examiners: "If the applicant has asserted that the claimed invention is useful for any 
particular practical purpose ... and the assertion would be considered credible by a person of 
ordinary skill in the art, do not impose a rejection based on lack of utility." 

B. The results of the adipocyte glucose/FFA uptake assay provide utility for the 
PRQ1182 polypeptide, and therefore for the claimed nucleic acids encoding it 

The Examiner continues to maintain rejections based on the gene amplification assay (see 
pages 3-6 of the Final Office Action). Since Appellants need show at least one credible, 
substantial and specific asserted utility for the PR01182 polypeptides and therefore, for the 
claimed nucleic acids encoding it, to meet the requirements of 35 U.S.C. §101, as indicated 
instead of the gene amplification assay , the instantly pending claims were amended to rely upon 
assay 94 or 'the glucose/FFA uptake assay,' (Example 158) for patentable utility of PROl 182 
polypeptides, in the responses filed February 28, 2005 and October 13, 2006. Accordingly, any 
of the Examiner's rejections /references or discussions referring to the gene amplification assay 
are not currently addressed. Only rejections directed to the glucose/FFA uptake utility are 
discussed below. 

Appellants respectfully submit that they rely on the adipocyte glucose/FFA uptake assay) 
for patentable utility of the claimed nucleic acid to PROl 182 polypeptides, and that the 
adipocyte glucose/FFA uptake assay data for the PR01182 polypeptide is clearly disclosed in the 
instant specification under Example 158. 

The adipocyte glucose/FFA uptake assay is designed to determine whether a polypeptide 
is capable of modulating, either positively or negatively, the uptake of glucose or free fatty acids 
in adipocyte cells. By making such determinations, the assay identifies polypeptides that are 
expected to be useful for treating disorders wherein stimulation or inhibition of glucose uptake 
by adipocytes is expected to be therapeutically effective. Examples of these types of disorders 
include obesity, diabetes, and hyper- or hypo-insulinemia. 

16 M.P.E.P. §2107.01. 

17 M.P.E.P. §2107 11(B)(1). 
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The adipocyte glucose/FFA assay is performed as follows: primary rat adipocyte cells are 
plated on a 96 well plate and incubated overnight with media supplemented with PROl 1 82 
polypeptide. After the initial overnight incubation, samples of the media are taken at hour 4 and 
hour 16 and residual glycerol, glucose and FFA are measured. After the hour 16 sample is taken, 
insulin is added to the media and the adipocytes are allowed to incubate for an additional 4 
hours. After this final 4 hour incubation, another sample is taken and residual glycerol, glucose 
and FFA is measured again. As a control, identical incubations and samplings are performed on 
cells that have been incubated overnight in media initially supplemented with insulin rather than 
PROl 182 polypeptide. Results are scored as positive in the assay if the uptake is greater than 
1 .5 times (stimulatory) or less than 0.5 times (inhibitory) the uptake of the insulin control. As 
PROl 182 resulted in more than 1.5 times the uptake of the insulin control, PROl 182 tested 
positive as a stimulator of glucose/FFA uptake in adipocyte cells . 

The glucose/FFA uptake assay as described in Example 158 of the instant application 
was also well known in the art at the time of the effective filing date of the instant application. 
Similar assays were commonly used to identify potential anti-diabetic agents and to study the 
regulatory mechanisms of important molecules involved in fat cell metabolism. 

For example, at the time of the effective filing date of the instant application, it was well 
known in the art that increasing glucose uptake by adipocyte cells is a hallmark of a number of 
therapeutically effective agents, such as troglitazone and pioglitazone. (Tafuri, Endocrinology, 
137(11): 4706-4712 (1996); Sandouk, etal, Endocrinology, 133(l):352-359 (1993)). Both 
troglitazone and pioglitazone are members of the thiazolidinedione class of compounds and have 
been used to effectively treat noninusulin-dependent diabetes mellitus (NIDDM), the most 
common form of diabetes. Both compounds function, at least in part, by increasing the number 
of cellular glucose transporters in order to facilitate increased glucose uptake. 

Further, at the time of the effective filing date of the instant application, vanadium salts 

were considered as a possible treatment for diabetes, and several clinical trials had already been 

performed. (Page 26617, right column, Goldwaser et alj. Biol Chem., 274(3 7):266 17-26624 

(1999)). Using a rat adipocyte culture system similar to the system disclosed in the instant 

application, Goldwaser et al, showed that vanadium ligand 1-Glu (y)HXM potentiates the 

capacity of free vanadium ions to activate glucose uptake and glucose metabolism in rat 

adipocytes in vitro by 4-5 folds and to lower blood glucose levels in hyperglycemic rats in vivo 
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by 5-7 fold. This is further evidence that at the effective filing date of the present application 
one skilled in the art would have reasonably expected that molecules activating glucose uptake 
would find utility in the treatment of diabetes and related diseases. 

In addition, the investigators in Mueller et al, who were interested in determining the 
influence of glucose uptake on leptin secretion, employed essentially the same assay to measure 
changes in glucose uptake after insulin exposure. (Mueller et al, Endocrinology, 139(2): 551- 
558 (1998)). Figure 1 A shows the glucose concentrations in medium from 0-96 hours from 
isolated rat adipocytes in primary culture with various insulin concentrations. As indicated by 
the decrease in glucose in the medium in the Figure, Mueller et al. suggest that insulin produced 
a concentration-dependent increase in glucose uptake by the cultured adipocytes. Based on these 
experimental results, the authors stated that insulin increased leptin secretion over 96 hours, and 
that the increase in leptin was closely related to the amount of glucose taken up by the adipocytes 
than to the insulin concentration, suggesting a role for glucose transport and/or metabolism in 
regulating leptin secretion. (See Abstract). 

Using the same assay system, Mueller et al. further studied the effect on leptin secretion 
of two well-known anti-diabetic agents, metformin and vanadium, which were known to enhance 
glucose uptake. (Muller et al, Obesity Research, 8(7): 530-539 (2000)). The experimental data 
indicated that both metformin and vanadium increased glucose uptake and inhibit leptin secretion 
from cultured adipocytes. 

Accordingly, Appellants respectfully submit that at the effective filing date of the instant 
application, one of skill in the art would have reasonably accepted that various compounds, such 
as PRO 1182, that are capable of modulating glucose uptake have a substantial, practical, real life 
utility. The above-mentioned studies have clearly established that the glucose/FFA uptake assay 
as described in the instant application is a reliable assay system to identify therapeutic agents for 
treating diseases and conditions such as obesity, diabetes, and hyperinsulinemia. Therefore, 
Appellants respectfully submit that a variety of real-life utilities, such as treatments for glucose 
uptake related diseases, including obesity and diabetes, are envisioned for PRO 1 182 based on the 
glucose/FFA uptake assay results disclosed herein. 

The Examiner has acknowledged that the teachings within "each of the references cited 

by the Applicant (Tafuri et al, Sandouk et al, Goldwaser et al, Mueller et al. (1998) and 

Mueller et al. (2000)) teaches that the agents utilized in the assays enhance glucose 
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uptake Disorders such as obesity, diabetes, and hyper- or hypo-insulinemia are 

characterized by a reduction in the amount of glucose entering all cells, including 

adipocytes Therefore, as emphasized by Tafuri et al., Sandouk et al, Goldwaser et al, 

Mueller et al. (1998) and Mueller et al. (2000), one skilled in the art is searching for agents that 
will enhance glucose uptake into adipocyte cells ." (page 7, line 3 through page 8 of Final Office 
Action of April 13,2006). 

As the Examiner acknowledges, based on the instant results demonstrating the ability of 
the PRO 1 182 polypeptides to enhance glucose uptake in the glucose/ FFA assay, one skilled in 
the art would readily recognize that PRO 11 82 polypeptides, and therefore for the claimed nucleic 
acids encoding it, are useful in the treatment of disorders benefiting from this biological activity, 
such as obesity, diabetes, or hyper- or hypo-insulinemia. 

The Examiner has further maintained that "Tafuri et al, Sandouk et al, Goldwaser et al, 
Mueller et al. (1998) and Mueller et al. (2000) teach different methodologies for the 
measurement of glucose uptake in adipocyte cells as compared to the glucose assay of the instant 
specification . . ..None of the references utilizes the same grading scale disclosed in the instant 
specification, but instead report dose-response curves. The instant specification does not report 
any specific cell numbers or statistical differences and there is no indication in the specification 
as to how PRO 1 182 inhibited glucose uptake as compared to control or whether the results were 
significant " (Emphasis added- Pages 8-9 of Final Office Action). The Examiner concludes that 
the PRO 11 82 peptide is not in currently available form, and the asserted utility is not substantial. 

Appellants respectfully submit that, compliance with the utility requirement does not 
require that the methodology used in making the invention be the same as those used in the 
referenced or related art. What is important is that the assay be a well- recognized assay and that 
guidelines be provided in the specification to perform the assay, including assay read-out, if 
applicable. As discussed in their response dated January 20, 2006, Appellants submitted that the 
glucose uptake assay is a well-accepted assay in the art for identifying molecules that modulate 
glucose uptake. The fact remains that the results of the adipocyte glucose/FFA uptake assay 
were positive, indicating that PR01182 polypeptides are useful in enhancins glucose uptake by 
adipocyte cells. The instant specification also clearly discusses the controls used in the assay. 
For example, the results of the glucose uptake assay were scored as positive if the uptake was 
greater than 1 .5 times (stimulatory), or as inhibitory, if the uptake was less than 0.5 times the 
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uptake of the insulin control . Since PROl 182 resulted in more than 1.5 times the uptake of the 
insulin control, PRO 11 82 tested positive as a stimulator (or enhancer) of glucose/FFA uptake in 
adipocyte cells. 

The Examiner's requirement for specific "same grading scale", "specific cell numbers or 
statistical differences" (page 9 of Final Office Action) are also clearly not a requirement of the 
utility standards set by the USPTO. Appellants submit that the glucose uptake assay described 
herein is a comparative assay, meaning that the utility is based upon a comparison of relative 
uptake levels between a well-accepted and known control like insulin (for glucose uptake) and a 
test molecule like PROl 182. Useful pharmacological information is obtained when a relative 
difference is observed in this assay. In addition, the need for "cell numbers or statistical results" 
is a misplaced requirement, and is a clear indication that the Examiner applies a standard that 
might be appropriate if the issue at hand were the regulatory approval of a pharmacological or 
diagnostic assay, but is fully inappropriate for determining if the "utility" standard of the Patent 
Statute is met. The FDA, reviewing an application for a new assay, will indeed ask for actual 
numerical data, statistical analysis, and other specific information before any assay is approved. 
However, the Patent and Trademark Office is not the FDA, and the standards of patentability are 
not the same as the standards of market approval. It is well established law that therapeutic 
utility sufficient under the patent laws is not to be confused with the requirements of the FDA 
with regard to safety and efficacy of drugs to marketed in the United States. 

C. A prima facie case of lack of utility has not been established 

The Examiner has asserted that "assays demonstrating that glucose uptake is inhibited by 
the PRO polypeptide are not enabling, since there is no real world use for such a peptide, or the 
assay that measures it. Since there is little additional information about the claimed PRO DNA 
or the protein produced by the PRO gene, use of the claimed DNA for the FFA assay cannot be 
seen as enabling without evidence or data supporting a specific function for the claimed PRO 
nucleic acids" (Page 2 of the Advisory Action mailed November 1, 2006). 

Appellants respectfully point out that the standard for utility is not absolute certainty, but 
more likely than not. Appellants further point out that it was well known in the art at the time of 
filing that both glucose and FFA levels were associated with diabetes, obesity, and 
hyperinsulinemia. In fact, it was further known in the art at the time of filing that, antidiabetic 
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agents such as the thiazolidinediones (including troglitazone and pioglitazone) which increase 
glucose uptake, also increase FFA uptake by adipocytes (see references (Tafuri, Endocrinology, 
137(11): 4706-4712 (1996); Sandouk, etal, Endocrinology, 133(l):352-359 (1993) submitted 
by Appellants). Thus, circulating FFA level was one of the factors which regulated glucose 
uptake. Hence, it was clear that agents which decreased circulating FFA levels were effective in 
the treatment of diseases such as obesity and diabetes. In other words, agents which increased 
FFA uptake by adipocytes were useful in the treatment of diabetes, obesity and 
hyperinsulinemia . 

Thus, even if the actual mechanistic effect of PRO 11 82 is only to directly increase FFA 
uptake by adipocyte cells, this will necessarily result in indirectly increasing glucose uptake by 
adipocytes. The effect of FFA levels on glucose uptake has been clearly demonstrated in the 
references in the art at the time of filing of the application. Furthermore, agents which are well 
known in the art as useful in the treatment of diabetes, such as the thiazolidenediones, have been 
shown to exert their effects, at least in part, through the increase of FFA uptake by adipocytes. 
Accordingly, an agent which increases FFA uptake by adipocytes has the same utility in the 
treatment of disease as those recognized by the Examiner for agents which increase glucose 
uptake. 

Accordingly, one of ordinary skill in the art would find it more likely than not that an 
agent which increases uptake of glucose and/or FFA by adipocytes would also be useful in the 
treatment of disorders such as diabetes, hyperglycemia, and obesity. Clear evidence supports the 
glucose/FFA uptake enhancing activity of PROl 1 82. On the other hand, the Examiner has 
provided no evidence to demonstrate that it more likely than not that one of skill in the art would 
doubt the truth of this asserted utility of PRO 11 82 as an enhancer of glucose/FFA uptake. Since 
the standard is not absolute certainty, a prima facie showing of lack of utility has not been made 
in this instance and the burden to provide further evidence of utility has not shifted to Appellants. 

Based on the above arguments, Appellants have clearly demonstrated a credible, specific 
and substantial asserted utility for the PROl 182 polypeptide, and therefore for the claimed 
nucleic acids encoding it, for example in the treatment of disorders such as obesity, diabetes, and 
hyper- or hypo-insulinemia. Further, based on this utility and the disclosure in the specification, 
one skilled in the art at the time the application was filed would know how to use the nucleic 
acids encoding PROl 182 polypeptides, for instance, in the treatment of disorders for which 
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modulation of glucose uptake by adipocytes would be beneficial, such as obesity, diabetes, and 
hyper- or hypo-insulinemia without undue experimentation. 

Accordingly, given that the specification discloses at least one patentable utility for the 
claimed nucleic acid to PRO 1 182 polypeptides, Appellants respectfully request reconsideration 
and reversal of the rejection of Claims 124, 129-131, 135-138 and 149-150 under 35 U.S.C. §101 
and 35 U.S.C. §1 12, first paragraph. 

ISSUE II: Claims 149-150 satisfy the written description requirement of 35 U.S.C. §112, 
first paragraph. 

Claims 149-150 stand rejected under 35 U.S.C. §1 12, first paragraph, allegedly "because, 
the subject matter was not described in the specification in such a way as to reasonably convey to 
one skilled in the relevant art that the inventors had possession of the claimed invention at the 
time of filing." (Page 10 of the Final Office Action mailed April 13, 2006). 

Appellants were in possession of the invention as of the effective filing date of an 
application is a factual determination, reached by the consideration of a number of factors, 
including the level of knowledge and skill in the art, and the teaching provided by the 
specification. The inventor is not required to describe every single detail of his/her invention. 
An Applicant's disclosure obligation varies according to the art to which the invention pertains. 

The currently amended claims claim the genus of nucleic acids with at least 95-99% 
sequence identity to a nucleic acid encoding the polypeptide of SEQ ID NO:357, or the nucleic 
acid of SEQ ID NO: 356, with the functional recitation: "wherein the polypeptide encoded by 
said nucleic acid enhances the uptake of glucose or FFA {free fatty acids) by adipocyte cells," 
support for which is found in the instant specification in Example 158, page 530, lines 13-15, 
which, as discussed above, is based on a well-established assay known to the skilled artisan at 
the effective filing date of this application. Moreover, the instant invention evidences the actual 
reduction to practice of full-length nucleic acid encoding PROl 182 of SEQ ID NO: 356, with or 
without its signal sequence, or encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 203088. Therefore, the claimed nucleic acid to 
PROl 182 polypeptides of Claims 122 and 123 are defined both by functional as well as 
structural features . 
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The present situation is analogous to Example 14 on pages 53-55 of the Written 
Description Training Materials which analyzes a claim directed to a protein and variants thereof 
having 95% sequence identity, all of which share the same biological function, for its compliance 
with the written description requirement of 35 U.S.C. §1 12, first paragraph. The Written 
Description Training Materials conclude that such a claim satisfies the written description 
requirement of 35 U.S.C. §112, first paragraph, when: (1) a single protein sequence is actually 
reduced to practice, (2) procedures for making variants of that "reduced to practice" protein 
sequence are conventional in the art, and (3) an assay is described which allows identification of 
other proteins having the same biological activity. The reasoning provided by the USPTO in the 
Written Description Training Materials is that: 

"[fjhere is actual reduction to practice of the single disclosed species. The specification 
indicates that the genus of proteins that must be variants of SEP ID NO: .. . does not have 
substantial variation since all of the variants must possess the specified [biologica l 
function! and must have at least 95% identity to the reference sequence , SEQ ID 
NO:... The single species disclosed is representative of the genus because all members 
have at least 95% structural identity with the reference compound and because of the 
presence of an assay which applicant provided for identifying all of the at least 95% 
identical variants of SEQ ID NO:. ..which are capable of the specified [biological 
function]. One of skill in the art would conclude that applicant was in possession of th e 

necessary common attributes possessed by members of the genus {As such], the 

disclosure meets the requirements of 35 U.S.C. S 112. first paragraph, as providin g 
adequate written descnption for the claimed invention. " (emphasis added). 

The instantly pending claims recite polypeptides having 95% or 99% sequence identity 
with at least 95-99% sequence identity to a nucleic acid encoding the polypeptide of SEQ ID 
NO:357, or the nucleic acid of SEQ ID NO: 356, with the functional recitation: "wherein the 
polypeptide encoded by said nucleic acid enhances the uptake of glucose or FFA (free fatty 
acids) by adipocyte cells." Example 158, (page 530) of the present application provides detailed 
protocols for the glucose or FFA (free fatty acids) uptake assay by adipocyte cells including the 
extensive step-by-step guidance in the specification. Appellants claim only those nucleic acids 
which meet both recitations of the claims, structural and functional. 

The specification further describes methods for the determination of percent identity 
between two nucleic acid sequences. In fact, the specification teaches specific parameters to be 
associated with the term "percent identity" as applied to the present invention (page 308-31 1). 
Accordingly, one of skill in the art could identify whether a variant PROl 182 sequence falls 
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within the parameters of the claimed invention. Once such a nucleic acid sequence is identified, 
the specification sets forth methods for making the nucleic acid sequences and methods of 
expressing the nucleic acid sequences encoding PRO polypeptides in various host cells (Example 
140-143, pages 514-520) and methods for selecting a vector are generally set forth in the 
specification at, for example, on page 376, line 12 onwards. 

Based on the detailed description of the cloning and expression of nucleic acid variants of 
PROl 182 in the specification, the description of the glucose or FFA (free fatty acids) uptake 
assay, the description of testing for variant nucleic acids in the assay, the actual reduction to 
practice of sequence SEQ ID NO:356 and the functional recitation in the instant claims, one of 
skilled in the art would know that Appellants possessed the invention as claimed in the instant 
claims, at the time of filing of the application. From the specific activity of the PROl 182 
polypeptide, Appellants believe that the description of the claimed genus for the nucleic acids is 
achieved. 

Accordingly, Appellants respectfully request reconsideration and reversal of the written 
description rejection of Claims 149-150 under 35 U.S.C. §112, first paragraph. 

CONCLUSION 

For the reasons given above, Appellants submit that the adipocyte glucose/FFA uptake 
assay disclosed in Example 158 of the specification provides at least one asserted specific and 
substantial patentable utility for the claimed nucleic acid to PROl 182 polypeptides, and that one 
of ordinary skill in the art would accept this asserted utility as credible, and would understand 
how to make and use the claimed nucleic acid to PROl 182 polypeptides. Therefore, Claims 124, 
129-131, 135-138 and 149-150 meet the requirements of 35 U.S.C. §101 and 35 U.S.C. §112, 
first paragraph, for Utility and Enablement. Further, for the reasons outlined above, the 
requirements of 35 U.S.C. §112, first paragraph, Written Description are also met. Accordingly, 
reversal of all the rejections of Claims 124, 129-131, 135-138 and 149-150 is respectfully 
requested. 
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Please charge any additional fees, including fees for additional extension of time, or 
credit overpayment to Deposit Account No. 08-1641 (referencing Attorney's Docket 
No. 39780-2730 P1C64) . 

Respectfully submitted, 



Date: May 11, 2007 



By:. 



Barrie D. Greene (Reg. No. 46,740) 
on behalf of Daphne Reddy (Reg. No. 53,507) 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 
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8. CLAIMS APPENDIX 



Claims on Appeal 

1 24. An isolated nucleic acid comprising: 

(a) the nucleic acid sequence of SEQ ID NO:356; 

(b) the full-length coding sequence of the nucleic acid sequence of SEQ ID 
NO:356; or 

(c) the full-length coding sequence of the cDNA deposited under ATCC 
accession number 203088. 

129. The isolated nucleic acid of Claim 124 comprising the nucleic acid sequence of 
SEQ ID NO: 356. 

130. The isolated nucleic acid of Claim 124 comprising the full-length coding 
sequence of the nucleic acid sequence of SEQ ID NO: 356. 

131. The isolated nucleic acid of Claim 1 24 comprising the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203088. 

135. A vector comprising the nucleic acid of Claim 124. 

136. The vector of Claim 135, wherein said nucleic acid is operably linked to control 
sequences recognized by a host cell transformed with the vector. 

137. A host cell comprising the vector of Claim 135. 

138. The host cell of Claim 137, wherein said cell is a CHO cell, an E. coli or a yeast 

cell. 

149. An isolated nucleic acid having at least 95% nucleic acid sequence identity to: 
(a) a nucleic acid sequence encoding the polypeptide of SEQ ID NO:357; 
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(b) a nucleic acid sequence encoding the polypeptide of SEQ ID NO:357, 
lacking its associated signal peptide; 

(c) the nucleic acid sequence of SEQ ID NO:356; 

(d) the full-length coding sequence of the nucleic acid sequence of SEQ ID 

NO:356; or 

(e) the full-length coding sequence of the cDNA deposited under ATCC 
accession number 203088; 

wherein the polypeptide encoded by said nucleic acid enhances the uptake of 
glucose or FFA (free fatty acids) by adipocyte cells. 

150. An isolated nucleic acid having at least 99% nucleic acid sequence identity to: 

(a) a nucleic acid sequence encoding the polypeptide of SEQ ID NO:357; 

(b) a nucleic acid sequence encoding the polypeptide of SEQ ID NO:357, 
lacking its associated signal peptide; 

(c) the nucleic acid sequence of SEQ ID NO:356; 

(d) the full-length coding sequence of the nucleic acid sequence of SEQ ID 

NO:356; or 

(e) the full-length coding sequence of the cDNA deposited under ATCC 
accession number 203088; 

wherein the polypeptide encoded by said nucleic acid enhances the uptake of 
glucose or FFA (free fatty acids) by adipocyte cells. 
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9. EVIDENCE APPENDIX 

1 . Tafuri, S.R., "Troglitazone Enhances Differentiation, Basal Glucose Uptake, and Glut 1 
Protein Levels in 3T3-L1 Adipocytes," Endocrinology, 137(1 1):4706-4712 (1996). 

2. Sandouk, T., et al., "The Antidiabetic Agent Pioglitazone Increases Expression of 
Glucose Transporters in 3T3-F442A Cells by Increasing Messenger Ribonucleic Acid Transcript 
Stability", Endocrinology 133(l):352-359 (1993). 

3. Goldwaser, I, et al., "L-Glutamic Acid -y-Monohydroxamate: A potentiator of vanadium- 
evoked glucose metabolism in vitro and in vivo", J. Biol. Chem. 274(37):266 17-26624 (1999). 

4. Mueller, W. M., et al., "Evidence That Glucose Metabolism Regulates Leptin Secretion 
from Cultured Rat Adipocytes", Endocrinology 139(2):55 1-558 (1998). 

5. Mueller, W. M., et al., "Effects of Metformin and Vanadium on Leptin Secretion from 
Cultured Rat Adipocytes", Obesity Research 8(7):530-539 (2000). 

Items 1-5 were submitted with Appellants' Information Disclosure Statement filed March 10, 2005. 
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10. RELATED PROCEEDINGS APPENDIX 

None- no decision rendered by a Court or the Board in any related proceedings identified 

above. 
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t-oiditazone Enhances Differentiation, Basal Glucose 
Tptake, and Glutl Protein Levels in 3T3-L1 Adipocytes 

D3BRIE a TAFURI 

oartment of Cell Biology, Parke-Davis Pharmaceutical Research Division, Warner-Lambert Co., 
mArbor, Michigan 48105 



38TRACT _, r t ^ thiazolidinedione class of com- 

i^tionof^glitazoneennau analysis indicated that during 



trogutasone-treated cells, but ad not change in fully differentiated 
adipocytes. To assess the metabolic consequences of trogiitazone 
treatment, both basal and insulin-stimulated glucose uptake were 
monitored in treated cells. Trogiitazone treatment increased basal 
glucose transport 1.5- to 2.0-fold, whereas insulin-stimulated uptake 
was unaffected. Enhanced basal transport was caused by an increased 
synthesis of both Glutl glucose transporter messenger RNA and pro- 
tein. These results suggest the possibility that in vivo, the trogiita- 
zone-dependent increase in glucose disposal may be attributable in 
oart to modifications in the expression of Ghrtl in insulin-responaivE 
tissues. (Endocrinology 187s 4706-4712, 1996) 



Nf 



'OMNSUUN-DEFBSIDGNT diabetes meuitus (NIDDM), 
L\ femosTconunon form of ^abet^ is estimated to 
^m^^4mimonpeoplemtheUmt e dStates(l).Tlus 
STSLmonly develops during middle age and is char- 
^^^S WerElvcemia, hyperinsulinemia, and insulin 
2^ At pSC^ent'oonsists of behavioral mod- 
SST'in Son with the administration of insulin 
ndSh^SSc agents (sulfonylureas and biguardde 
^t^weTer, Sse treatments often fail toame- 
^teonVof the main underlying causes of the disease, 
^Vi7n distance The thiazolidinediones, a new class of 
^nSfoS nakedly from other antidiabetic agents 
ffiftey decrease hyperglycemia and hyperinsubnemia 
^tSeasIng insulin seSrivity in target tissues. These com- 
Z££3L* peripheral glucose uptake ^d«i 
Cn secretionand gluconeogenesis in a wide variety of 
^animal models (2-4). Trogiitazone, a member of tfus 
5Sr>ound class, improves glucose tolerance and msulm sen- 
S" bXdia£tic (5, 6) and gluc^mtolerant (7) P*' 
tienWuttle is known about the biochemical mechaiusm of 

role is^TsSTenergy when nutrients are plentiful and to 
and starvation. Adipose tissue 
atc^a«" pivc^rok in metabolic homeostasis. Adipose 
for 50-70% of lactate production m the 
St and £Zp**T contributes to the 
roeen synthesis and gluconeogenesis (8). Moreover, the re- 
St Svery of the ob gene product indicates that adapose 

Addrea iafl L~^™««^ Biology, Parke-Davis Pharmaceutical 
ISSSS^S^Smt Ann Arbor, Michigan 48105. 



tissue secretes hormones capable of regulating feeding pat- 
terns, satiety, and adiposity (9). Because of the importance of 
adipose tissue in metabolic regulation and insulin resistance, 
it may play an important role in the mechanism of action of 
thiazolidinediones . 

To understand if and how the miazolidinediones affect 
adipose cell metabolism, a study was designed to determine 
how trogiitazone affects glucose utilization in 3T3-L1 adi- 
pocytes. This system was chosen because it is easily manip- 
ulated and is not complicated by the problems associated 
with the metabolic feedback loops present in vivo. Addition- 
ally, previous experiments with pioglitazone, another mem- 
ber of the thiazolidinedione family, in 3T3-F442A adipose 
cells suggested that these compounds increase differentia- 
tion (10, 11) and glucose uptake (12) in adipocytes. In the 
studies discussed here, trogiitazone increased differentiation 
in 3T3-L1 cells when admimstered at the initiation of the 
differentiation protocol. Furthermore, trogiitazone enhanced 



glucose uptake in these cells by altering the total number of 
basal glucose transporters within the cell. 

Material* and Methods 

Materials 

3T3-L1 cells were obtained from the American Type Tissue Culture 
Collection (Rockville, MD). High glucose DMEM culture medium and 
bovine serum were purchased from Life Technologies (Gaithersburg, 
MD). Insulin, dexamemasone, and isomethylbutylxan thine were pur- 
chased from Sigma Chemical Co. (St Louis, MO). Trogiitazone and 
pioglitazone were synthesized by Parke-Davis (Aim Arbor, MI) and 
Sankyo (Tokyo, Japan), n 



Cell culture 

3T3-L1 fibroblasts were grown and passaged in DMEM containing 
10% FBS. For adipocyte differentiation, 2 day postconfluent cells were 
placed in 10% FBS-DMEM, 1 «/ml insulin, 0.25 jiu dexamethasone, 
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n «; mM isomethylbutylxanthine. Fortyneight hours later, the me- 
Q3 aiM 1S ^™T^ tneunMEM containine 1 ac/mt insulin, and 

^' n^^V^lT^^al^-Xld e& Son and ad- 
^ at^ S^fdifferentiadon and with every medium 
nge unless otherwise indicated, 

icose uptake 



L!r^L^fa1%KA to 30 min at 37 C At this time, 1 (id/tnl 
ffiM containing 1% fr," were added# and the cells were 

^"f^rTn^ cSK^t£S! were washed with 
-i* 0.5 K NaOH. The ^ysates 

K^jraddiuon of labeled glucose. 

preparation, Northern blot analysis, and ribonuclease 
Want) protection assays 

Nase ^S^^S^to^instnictiona (Ambion, Houston, TX). 
Vestern blot analysis 

Results 

Trogtaazone enhances adipocyte differentiation in 3T3-L1 
■vile 

The differentiation of 3T3-U preadipocytes into adipo- 
J-uTe^plex process that is affected by cell passage 
2S£ anTa" ^VSeWenvironmental conditions. Under 

riKa doTier, such that a confluent plate 
JSTc^Sn isianSs of adipocytes within undiff-entiated 
SbwS^TWs loss ofphenotype is also associated with a 
T^Tin the rate of differentiatioa causing the iruturf 
^^^Xt droplets to occur around day 5 or 6. Initial 
5^ «tES* using cells with an adipocyte 



conversion frequency of approximately 50%. To study the 
effects of trogHta^rw on differentiation, 05-5 j*m compound 
was added with 167 nM insulin, 025 jim dexamemasone, and 
05 mM isomethylbutylxanrJune (hormone cocktail) at the 
initiation of differentiation and reapplied with each medium 
change Eight-day troglitazone treatment without hormone 
cocktail showed minimal differentiation (Fig. 1, A and B). 
Less than 1% of the ceus became adipocytes; however, the 
number of adipocytes in the drug-treated sample was greater 
than that in the untreated sample, m the presence of hormone 
cocktail, troglitazone significantly enhanced the percentage 
of adipocyte differentiation (Fig. 1, C and D). Nearly 100%of 
treated cells contained fat droplets compared to 50% of the 
untreated group. Additionally,, the rate of differentiation was 
enhanced as fat droplets began to accumulate in the treated 
group 1 day before the control group. 

Adipocyte differentiation has been shown to be dependent 
upon die activation of several transcription factors, which, in 
turn, initiate fhe expression of a repertoire of adipocyte 
genes. One such factor, CCAAT enhancer binding protein-a 
(C/EBFa), has been shown to be necessary and sufficient for 
adipocyte conversion inbothpreadipocyte and fibroblast ceil 
lines (14-17). Moreover, mice lacking C/EBPa expression 
fail to accumulate both white and brown fat, suggesting that 
C/EBFa is r«nured for terminal adipoctye differentiation 
(18). C/EBPa: mRNA is not expressed in preadipocytes, is 
induced 2-3 days after the initiation of differentiatioa and is 
maintained at a high level in the adipocyte (19), As trogli- 
tazone increases adipocyte differentiation, total RNA was 
isolated from differentiating cells treated with hormone 
cocktail containing 0 or 5 mm troglitazone and probed with 
labeled C/EBPa complementary DN A to determine whether 
troglitazone enhances C/EBPa expression. The control cells 
used in this experiment differentiated 95-100% without the 



m&f? : r^ix " # . - / . 



FlQ. 1. TroglitaJ 



riu . x . „„ 6 „ v _ the differentiation of 8T3-L1 P™»di- 

pocytes to adipocytes. Confluent preadipocytes were obtained in 
culture for 8 days without compound (A) or with 5 *iM trcgntaaoM (B), 
aTdocribed in Materials and Method,. Identical cell, were treated 
with differentiatioa cocktail (167 nu insulin, 0.26 »M dexamrthasone, 
and 0.5 mM isomethylbutyWthme) with (D) or without (C) 6 mm 
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a^^fore the ratio of adipocytes/ preadt- 
ition of drug; ^^'^ ^treated samples was iden- 
in the d ™*X ^^Sztme increased the rate of 
L As shown m ^ i ^ differentiation, but 

**" ^elSofC/EBFa nfessage after differ*, 
not affect ° 43 h, treated cells contained 2.5 

Is; however, ^^^Xgts that troglitazone influ- 
EBPa whSc/EBPa mRNA production 

Su^buTno^^-oduUte^e total — of 
to mRNA e 1 



ffyvntiated adipocytes 

UC ^^^^tTn^^^ function in a eon- 
°5 T^J^^t Initial experiments were performed us- 
oUedenv«onment. ; mmai conversion frequency 

^S^CeK* differentiated under stan- 
ard condiboi^ witn u ^ day 9, basal glucose 

^ taM fS^Sn8 the accumulation of 
ptake was assessed by ™™£™Ls. ^ shown m Fig . 3, 
^deoxyglucosew^^^tt^s ^ 




2 3 4 5 6 
(Days) 

offarts rate ofC/EBPa message accumula- 
te. 2. T"^ on ^£fbSnrt the overall level ofmessage in the 
to durir^du^rentiauo^b^o ^^^^ 24 h during 
adipocyte- »«^Sjffi3d without 5 ^ troglitazone usinga 
adipocyte differentoatoonjwtti^ SNA loading was eval- 

^beleiTan^mprtoed^^ P experilDent>i demon- 
uated by ^^^oKVEBPoexpression varied with the pa»age 

«teofC/EBPaexpre«wn. 
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call* showed 80* differentiatteii. 

treated without the addition, of the hormone cocktail (data 
not shown). This suggests that troglitazone increases the 
activity or number of functional glucose transporters per cell, 

OT rSrdnsulin-dependent (basal) glucose uptake is a result of 
transport through the membrane-associated Glutl glucose 
transporter, whereas insulin-stimulated glucose uptake re 
suits from the combined activities of Glutl and the hormone- 
sensitive glucose transporter. Glut*, which are associated 
with both the plasma membrane and microsomal compart- 
ments. Comparison studies have shown that the levels of 
these two glucose transporter proteins differ between prea- 
aiooevtes and adipocytes (13, 20, 21) (see Kg. 7). Total cel- 
fulafSvelTof Glutidecline slightly with d^rentiatioru 
Conversely, the amount of Glut4trarisportertnlhe adipocyte 
increases from undetectable in the preadipocyte to a value 
2-fold trrealer than that of Glutl. Comparison of the adipo- 
cyte morphology between the cultures ^ ^g^e -P^ 
Speriment in the previous 



2-fold trrealer than that of Glutl. Comparison of the adipo- 
cyte morphology between the cultures ^ 6^ "P^ 
experiment in the previous experiment indicated that the 
3utazone-treated samples had a h^f?^^ 
HiDocvte ratio than the control samples (data not shown). 
Therefore, because die number and type of glucose trans- 
port change during adipocyte differentiation, the adipo- 
cyte /preadipocyte ratio must be equivalent between sam- 
ples to accurately determine how troglitazone affects glucose 
transport. To do this, we repeated the previous experiment 
usine 3T3-U cells that differentiated more than 95% tinder 
standard differentiation conditions wimrwt troptazone and 
^morphology and final C/Hff« »RNA levds (Fig. 2) 
were not significantly enhanced by troghtazone treatment In 
addition weoompared ^^.^^L^b^n 
stimulated glucose uptake, which distmguishes between 
Glutl and Out*, transporter activities. As shown in Fig. 4, 
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1. 25000 
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(1.7 fold) 

BaHl Insulin stimulated 

Glucose uptake Glucose uptake 



Basal 

Glucose uptake 

a f*~.,u*,«.™ increases basal glucose uptake in adipocytes. 
I ±^^ffm^^under standard condition* to tbeprea- 

2? S^?tnL« .amnles was more than 95%. "C Deoiryghicose 
fferenuabon in all 'j^**^ different iation. For insulin-etiin- 
- re incubated for 30 min in 1 X W* H 



" — ~ .i- mre incubated for 30 nun mix u m 

SaSS 3^ DMEM. AJ1 value. 



asal glucose uptake increased 1.7-fold in response to 05 um 
^ta^Sirrdlar results (1.4-fold) were found for Glut4- 
S^insulin-stimulated glucose uptake. As basal glu- 
^ptake is a function of Glutl transporters, and insulin- 
touffi uptake results from the combination of Glutl and 
Sftrar^rter activities, the fact t^t troglitazone en 
^ces both basal and insulin-stimulated g ucose uptake 
^lently suggests that the compound only alters Glutl 

iptakefrom SEe on adipocyte differentiation, adipocytes 
Satiated in the absence of troglitazone were treated 
iKToTs mm troglitazone for 48 h before the glucose 
^ke assay Cmown in Fig. S, 05 and 5 ^ troglitazone 
SSment^roduced 2- and 2.7-fold increases in basal glucose 
Tcdvity. As there was no change in morphology m 
SXaSS^eatment, these data show that troglitazone 
inenhancTbfsal glucose uptake activity without affecting 

^ToiS^ whether the enhancement of glucose trans- 
Dorter activity is due to an increase in transporter number or 
£ mcrewe in transporter function, Western analysis was 
^r orSeTon whole «U lysates (from cells differentiated » 
£ pSenofor absence of troglitazone) using either Gkttt ; 

„«h» a h»rf samples. As previously described (13, 20, 21), 

ST!i5SS«* • s ^jri? adi ?T 

whereas Glut4 leveb increased dramatically. 
iufalbSnV Glut4 levels. Thus, troglitazone enhances glu- 




„ , . ^ ial glucose uptake in fully differ- 
entiated adipocytes. Fully differentiated adipocytes were treated with 
0. 0.5, or Bum troglitazone. Basal glucose uptake was assessed 48 h 
after treatment. All values were obtained from duplicate samples. The 



percentage of adipocyte differentiation in all Si 
96*. 

cose uptake by increasing the number of basal glucose trans- 
porters per cell. Additionally, a Glutl RNase protection assay 
was performed on RNA isolated from cells differentiated in 
the presence or absence of 5 um troglitazone (Fig. 7). The 
Glutl /actin ratio was approximately 13-2 fold higher in the 
RNA samples isolated from troglitazone- treated cells. This 
directly correlates with the 2-fold increase in glucose trans- 
port and shows that troglitazone increases the number of 
Glutl transporters in adipocytes. 

As differentiation also affects Glutl mRNA stability, and 
a previous report (12) indicated that thiazolidinediones in- 
creased mRNA stability, a Glutl RNase protection assay was 
performed on RN As isolated from adipocytes treated with 5 
jig/ml actinomycin D. Figure 8 shows mat when the control 
cells and troglitazone cells displayed the same adipocyte/ 
preadipocyte ratio, the rate of Glutl mRNA decay was the 
same for both treated and untreated cells. Identical results 
were obtained from cells treated with pioglitazone, another 
antidiabetic thiazolidinedione (data not shown). Albeit in- 
directly, these data also suggest that the increase in Glutl 
mRNA is due to an increase in Glutl transcription. 

Discussion 

Troglitazone treatment of 3T3-L1 cells increases both the 
rate and percentage of adipocyte differentiation. This phe- 
nomenon is linked to the increased rate of C/EBPa accu- 
mulation in differentiating cells. Because mis accumulation 
of C/EBPa message occurs within 24 h of drug treatment; it 
implies that troglitazone interacts with proteins thit are 
present in the preadipocyte or are rapidly induced by me 
differentiating hormone cocktail. Recent work on adipocyte 
differentiation suggests that the proteins involved are mem- 
bers of the peroxisome proliferator-acrivated receptor 
(PPAR) family (22, 23). These nuclear receptors are activated 
by endogenous fatty add or PG ligands (24-26) and in com- 
bination withC/EBP family members are believed to induce 
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,„ 6 TrogUterone increases the synthesis of the Glutl ti«-i™ 
IQ ; ?• . %^ZZt M Western analysis was performed using a Glutl- 

^^^^tho^^t^Wi^ne. The percentage^ 
^^i^^Wtodl samples was more than 96%. Thirty 
dipocyte ^^^^lladed ^ lane, as determined using 



differentiation (27-29). Lehmann and colleagues 
^SSZaSUSI ano&er ihiazolidmedione, BRL 49653, 
HiErftan^ the ad^ocyte^pedficFPAR family 
LrEl^WS that by interacting with the PPARs, 
^JTuSS^e ca^de of transcriptional events 
^enhances the rate of adipogenesis. 

To dSne whether the increased glucose uptake m 
ad S^S^» * * di«ct effect of trogUtazone or a con- 

Son, the effects of ^glitazone were «essed» ft. 
T". «t3.ti tissue culture system. Apart from the en- 

SSot SitazoAedirectly increased glucose uptake 2.fold 
S tiSeX This effect was shown to be a direct result of 
- i^ a «dsvnthesis of Glutl transporter mBNA and pro- 
f « ^SSeeTwith previously*reported results (12), 

^ch^ve^&tpi^^ 

wJh antidiabetic activity, enhances glucose uptake in 
S-SXocytes by increasing both Glutl and Gtat4 
^5er STand protein via n^A stab^bon. 
S^flus study failed to distmgrish between the m- 
in glucose uptake associated with the enhancement 
differentiation and those resulting from the 
dlxSSSS of the ihiazolidinedione on the adipocyte. By 



S nM Troglitazone 
Us 72 96 120 144 1 0 




Hours after addition of differentiation media 

Fig. 7. Tha levels ofGhittmRNA were increased in response to 6,1* 
troglitazone. A BNase protection assay was performed onBMAa^col. 
kcted at the indicated nines from cells treated with or without 6 ftH 
troglitazon*. Ten micrograms of RNA par sample were hybridteed to 
mouse Glutl and 0-aetin probes and processed as described in 



Molecular Dynamics Phosphorlmagcr, and the values are repre- 
sented as the fflutl/aeun ratio. 

controlling for the ratio of adippcytesy preadipocytes in the 
experiments presented here, the indirect infects of differen- 
tiation by the compound on Glu*4 were eliirunated, demon- 
strating that trogUtazcHifi enhances glucose uptake by in- 
creasing Glutl mRNA and protein levels, Addiuonalry, 
identical experiments wim pioglitazone yielded similar re- 
sults (data not shown). 

These results provoke at least two questions. First can a 
2-fold increase in adipocyte glucose uptake account for the 
decreased hyperglycemia in vivo or must other tissues alsobe 
affected? Secondly, are the transcriptional responses in- 
volved in differentiation the same as those used in the ex- 
pression of Glutl; do both require die activation of PPARs by 
the thiazolidinediones? 

Glucose transporter number has been shown to directly 
affect glucose transport and blood glucose levels in animal 
models. Several transgenic mice have been engineered that 
overexpress the glucose transporters in a tissue-specific fash- 
ion (30-34). In general, OTerexpression of either Ghitl or 
Glut4 enhanced glucose transport in the targeted tissue. En- 
hanced transport directiy correlated with decreased plasma 
glucose levels in both fasted and fed animals, demonstrating 
that enhanced transporter expression has profound effects on 
glucose disposal in vivo. Surprisingly, however, increased 
Glutl expression in skeletal muscle, and hence increased 
muscle basal transport resulted in resistance of Ghit4 to 
insulin stimulation and various other stimuli, including con- 
traction and hypoxia (32). Additionally, Glut 4 overproduc- 
tion in fat ceDs did not protect animals from the impaired 
glucose tolerance induced by a high fat diet (34). Thus, al- 
though enhanced transporter synthesis can ameliorate hy- 
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that the regulation of Glutl transporter synthesis could con- 
tribute to the antidiabetic activity of troglitazone. 
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Hours port actinomycin D treatment 

* ent ^J^C^£d p^npl*. ^message level, were 
, it does not appear to directly influence insulin 

iLV«f tissues, including adipose and hver, and are re- 
n ^MrL^P^SoSig Xcte of the fibric adds (39). 
^ J'Sv Kfd-toCrhfg effects associated with thia- 
^S;tatoent are sirnilar to those of other PPAR- 
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Wels have been linked to peripheral insuhn 

rCS 1^s^41)HoweVer, ,« t»t«, WazoHdinediones 
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rTsck If all of these antidiabetic responses are to be 
skeletaimuscK. ti ^ insult-responsive tissues 

this isofo^rnadvery, 
u SwbTthat the ligand binding specificity in vivo defers 
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of^Stoactivate the PPAR isoforms present 
iSSSmSSm. Futu« studies addressing these issues 
Snubtedlv reveal the role of the PPARs in the antodi- 
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Tie Antidiabetic Agent Pioglitazone Increases 
expression of Glucose Transporters in 3T3-F442A Cells 
>y Increasing Messenger Ribonucleic Acid Transcript 
Stability* 

AGRID SANDOUK. DOMENIC REDA*. and CECILIA HOFMANN 

. _ rtmpnt of Molecular and Cellular Biochemistry (T.S., C.HJ and Department of Surgery gyota 
hSSZ ?flw£K£ ^Medicine, Maywood. Illinois 60153; and Research Service (C.HJ Hines VA 
lospital<D,R.,C.HJ. Hines, Illinois 60141 

l ^3^fJr1ioocvtea normally play an important role as a major she 

S sucha. diabetes. In this study, we instigated the effect 
Jttogiitazone. a novel antidiabetic agent known to lower plasma 
LcosTiHnimal models of diabetes meUitus, on expression of glucose 
S^^ GLUTl and GLUT4 in 3T3-F442A cells, Treatment of 
^ZthvLt 3T3-F442A preadipocyte cultures for 7 days with pioglitazone 
SjSSStoO S/mlKed in nearly mvtom**** 
£u, to Upid-accumrfating adipocytes, and such adipocytes showed a 
£*rkedW increased capacity for glucose uptake. Analysis of messenger 
^i^r^ncSGLUT! and GLUT4 glucose transporter, 
over Ae differentiation period indicted time-dependent in- 



creases in abundance of each type that were maximal at more than 5- 
fold with the combined presence of insulin and pioglitazone. In accord, 
GIAJT1 and GLUT4 protein levels alao increased to maximal levels of 
10-fold and 7-fold, respectively, over those in undifferentiated preadi- 
pocytes. Increased messenger RNA half-lives from 12 to greater than 
24 h for GLUTl and from 1.2 to greater than 24 h for GLUT4 correlated 
with this induced adipocyte differentiation. Taken together, these 
findings indicated that pioglitazone n 
cellular glucose transporters, and the 

mainly stabilization of transporter m< „ . — 

increased expression of glucose transporters in adipocytes establishes 
the cells in a state active for glucose uptake, thus ultimately facilitating 
storage and metabolism as weU. (Endocrinology 133: 362-359, 1" 



ADIPOSE tissues play a key role in systemic energy 
homeostasis. Adipocytes possess hormonally regulated 
transport and metabolic systems allowing energy storage as 
triglycerides when nutrients abound or energy release during 
nutritional dearth. In accord with this role, a recent report 
indicated that adipose may be responsible for up to 30% of 
whole body glucose metabolism (1). Altered adipocyte func- 
tion has been associated with abnormal physiological states 
including obesities and obesity-linked diabetes (2-4). In non- 
InsuUn-denendent diabetes mellitus, elevated blood glucose 
levels result from insufficient glucose uptake in adipose and 
muscle, a consequence of insulin resistance (5, 6). 

The hyperglycemia of noninsuhn-dependent diabetes mel- 
litus can be corrected clinically by treatment of patients with 
oral hypoglycemic agents. Whereas presently used sulfonyl- 
urea agents appear to act principally as secretogogues^ to 
increase the availability of insulin to enhance glucose dis- 
oosal (7 8), an alternate treatment strategy could employ 
Lents acting as insulin sensitizers, thus overcoming target 
tissue insulin resistance. New antidiabetic compounds be- 
loneing to the thiazolidinedione class of drugs appear to 
lower blood glucose in animal models of diabetes by unprov- 

S^S OV ^po^ce and requests for reprints to: Cecilia 
HofmamTph.D., ReJea*h Service 151, Hines VA Hospital, Hines, 

""^Sufsludy was supported by the VA Medical Research Service and 
The Upjohn Company. 



ing insulin sensitivity in peripheral tissues (9). Treatment of 
insulin-resistant fatty rats or mice with the thiazolidinedione 
pioglitazone resulted in lowered Wood glucose, triglyceride, 
and insulin levels (10, 11). 

We and others have previously reported that thiazolidi- 
nedione agents enhanced insulin sensitivity for glucose up- 
take and metabolism in adipose tissues of diabetic animals 
(10-13). It has also been found that such agents have potent 
adipogenic effects on preadipocyte cell cultures (14-16). We 
therefore sought to more fully investigate the mechanism 
underlying the effect of pioglitazone to promote adipocyte 
differentiation with the aim of gaining insight into how such 
an effect could contribute to regulation of cellular glucose 
uptake. Findings in our present report indicate that pioglita- 
zone treatment of 3T3-F442A preadipocytes markedly en- 
hances expression of glucose transporters GLUTl and 
GLUT4, and the mechanism for this action is a stabilization 
of transporter messenger RNA (mRNA) transcripts. 

Materials and Methods 

Cells and tissue culture 

3T3-F442A fibroblasts were grown as monolayer cultures at 37 C in 
an atmosphere of 10% COz-90% air essentially as described previously 
(17). Subcultured cells were grown to confluence (usually 7 days) in 
Dulbecco's Modified Eagle's Medium (DMEM) containing glucose (43 
g/L), bovine serum (105S), streptomycin (50 tig/ml), penicillin (50 U/ 
ml). Fungizone (0.25 #.g/ml), and glutanune (2 raM). Confluent cell 
cultures were then converted to adipocytes by culture for 7 days in 
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n f 10% fetal calf serum and insulin (1 ;ig/ml) 

"JfiE^aO S Xferentiation was assessed by enhfr 
^".TEd^^^P^ contrast microscopy; cells were 
^^L^ S-l^vwy numerous lipid droplets were observed in 
^ta^Kwas used du&ig theVh to 20th passage 
fter clone isolation. 

Measurement of 2-deoxy-DV*C]glucose uptake 

Fnr ««.v 3T3-F442A cell monolayers (-10* cells/17 mm well) were 
For assay-* > J j""!.^ -^th 0 5 ml assay medium (DMEM, no 
insed with ?f 

*F™ ffcS 2S. 01 % BsTpH 7.4) for Wwta at 22 C. Then 0.5 
S (stock - 57 mG/mmol, Amersham Corp., ArHng- 
" « ^i. J T n ?wat added for an additional 15 min. After this incuba- 
ton Heights. 1L) cells were rinsed with ice-cold PBS 
rt ° n ; Zt^ ™ S CelU were then solubilized with 0.5 ml 0.5 n 
^AT^fe^to^b neutralized with 52 m! glacW acetic acid, 
a^c^K^vfry using 5 ml Ready Value scintillation fhud 
(Beckman, Inc., Palo Alto, CA). 

Northern blot analysis of RNA for determination ofGLUTl 

and GLUT4 mRNA transcript abundance 

t t I RNA was extracted from 3T3-F442A ceU monolayers eaenttaDy 
Total RI^ was exoa^u ^ ^ and Sacchi (18). RNA was 

according to ^«^ot^oro^™^ trans ferred to nylon 

E^Tvm F« GHJT1. pSPGT-1 (20) was kindly provided by Dr. 
5^5? n!n Chteam IU and the entire 1591 base pair coding region 
Graeme ^ <°h«go, U->«« wa5 excised using BWII and subdoned 
^hetmKo^K^oW^S used 8 fof linearization, and 
VTrNA wlln^ used for GLUT1 Riboprobe transcription. A 

£5 3 UbneTCo.. Woodbridge, NJ) using procedures we have 
^ , ^iS??rift- rinses, labeled membranes were exposed 



Western blot analysis of glucose transporter proteins 

Total particulate membrane proteins were prepared as previously 
described (27). Briefly, cells were washed with PBS and scraped into 
homogenization buffer [20 mM Tris-HCt, 255 mM sucrose, 1 htm EDTA, 
1 mM phenylmethyl sulfonylfluoride. lO U/ml Trasylol] and were 
homogenized with 10 pulses by a Tekmar Tissuemizer (Tekmar Inc., 
Cincinnati, OH). A total membrane fraction was prepared by centrifu- 
gation of the homogenate at 200,000 X g at 4 C. Protein concentrations 
were determined by the Bradford assay (28) using BSA as * standard 
Initial Western blot analyses revealed diffuse bands of GLUT1 and 
GLUT4 proteins, possibly due to heterogenous glycosylation of the 
transport proteins. Therefore, samples were routinely treated with pep- 
tide ^glycosidase F (1 U/100 i>% protein) in a buffer containing 20 oik 
sodium phosphate, pH 73, 10 nut EDTA, 1.7* Triton X-100, and 1 mw 
phenylmethyl sulfonylfluoride for 48-72 h at 37 C to remove sugar 
residues (23). Treated protein samples were men mixed with one fourth 
volume of 4X electrophoretic sample buffer [200 mM Tris-HCl at pH 
6 8 400 nw dithiothreitol, 8% sodium dodecyl sulfate, 40% glycerol, 
0.4% bromophenol blue] and stored at -20 C. Samples were thawed 
and loaded in parallel onto two discontinuous 12% polyacrylamide gels, 
and sire-fractionated according to the method of laemmli (29) using a 
Mini-Protean II Dual Slab Cell (Bio-Rad, Richmond. CA). The amount 
of protein loaded (10 Mg/lane for GLUT1 and 60 jig/lane for GLUT4) 
was determined empiricaUy to be within the linear response range for 
the system used. Proteins separated on each gel were etectrophorebcally 
transferred to Immobikm PVDF membranes (Millipore Corp., Bedford, 
MA) using a Mini-Transblot electrophoretic transfer ceil (Bio-Rad). One 
membrane was stained for total protein (0.1% Coomassie R-250, 40% 
methanol, 10% acetic acid). The second membrane was immunostained 
for GLUT1 or GLUT4 using a double antibody system and the imnuino- 
Blot Assay Kit (Bio-Rad). The supplier's instructions were followed 
except5% BSA was used for membrane blocking. The primary antibodies 
(RaGLUTRANS for GLUT1 and RalRGT for GLUT4, East Acres Biolog- 
icals. Southbridge, MA) were dUiited 1:3000 and 1:2000, respectively, 
and the alkaline phosphatase-conjugated second antibody (GAR-AP, 
Bio-Rad) was diluted 1:3000 for use. Resulting signals were quantitated 
with the reflective mode of a Model 620 Video Densitometer (Bio-Rad). 
Sample loading corrections were made based on densitometry data from 
the Coomassie-stained membrane. 

Data analysis 

Statistical analysis was performed using SAS version 6 (SAS Institute, 
Inc , Cary, NQ. All hypothesis tests were two-sided and were considered 
significant if the P value was less than or equal to 0.05. 



urith an inteflStlYinR screen- nuwi-'-T r 

SSfiTrfJS Sng fl^'y 'densitome^yTf ethidium 
KE^t^dbJ- bands <2«on photographic negatives 
{type 55 P/N film, Polaroid, Cambridge, MA). 

MeasurementofGLUTl and GLUT 4 mRNA stability 

rwiuent 3T3-F442A cells were induced to differentiate with insulin. 

t™^£S2^ SruVafter Act D addition (0, 1, 2. 4, 6, and 

V ^r^T mRNA abundance date were fitted to a single 
Glucose tran^ort«rn^AaDu^n regression analysis. 

exponenhardecay ( curve Jj^SSt was used to calculate the mRNA 

The estimated ^'^J^^T^ D have nonspecific effects 

hJf-Bfe fear * < "J- ■ ^gj^jpaj rfuco^tra^porteTmRNA half- 

^Su^^^ ^^ mRNA abSnceover only 

the first 6 h of Act Dt ' 



Induction of preadipocyte differentiation and glucose transport 
by insulin and pioglitazone 

Treatment of confluent 3T3-F442A cells for 7 days with 
insulin (1 Mg/ml), pioglitzone (X ftu), or both agents in the 
presence of 10% fetal calf serum resulted in conversion of 
cells into lipid-accumulating adipocytes. Whereas some cells 
differentiated into adipocytes by either treatment alone (in- 
sulin, 60%; pioghtazone, 8096), nearly complete differentia- 
tion (95%) was achieved with both agents together. Such 
cellular differentiation was associated with markedly in- 
creased capacity for glucose transport. Treatment of 3T3- 
F442A cells for 7 days with insulin or pioglitazone resulted 
in basal glucose transport levels that were 22- and 30-fold 
increased compared to untreated fibroblasts (Table 1). To- 
gether, both agents appeared to act additively for a maximal 
enhancement of 61 -fold at day 7. Age-matched, undiffer- 
entiated cells maintained in growth medium showed no 
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VBLE ! P and i-induced increases in glucose transport activity 
U 3T3-F442* Cell* 



Control, day 0 
Control, day 7 



Pioglitazone 
Insulin + pioglitazone 



0.0030 ±0.00007 
0.0013 ± 0.00031 
0.0670 ± 0.0076 
0.0887*0.015 
0.1830 ±0.037 



"influent monolayer cultures of preadipocytes in i DMEM (day 0) 
to differentiate by treatment with insulin and/or piogh- 
SrtfiJ^SSST Stained for 7 day. in DMEM without 
StosuKn Jnd/or pioglitazone also served as «mtroU. After treat- 
:«Tr«r 7d8V8 riucoU transport actvity was measured by uptake of 



ncrease in glucose transport over the 7-day interval, and 
ictuaUy declined about 60%, likely an indication of quies- 
xnce. 

Insulin- and pioglitazone-enhonced expression of glucose 
transporter* in 3T3-F442A cells 

To assess whether such increased glucose transport activity 
miild be explained by amplified expression of glucose trans- 
" rl^l adrp^ti" we "analyzed the levels of GLUTl and 
GLUT4 mRNAabundance. When assessed by Northern l blot- 
ting, the abundance of mRNA transcripts encoding GLUTl 
andGLUT4 glucose transporters increased in a time-deperid- 
erit manner (Figs. 1, 2). Whereas 7-day treatment wth either 
Ssulin (1 m»S « piogJitazone (1 m) increased GLUTl 
S abuiSanee by 2.3- and 1.5-fold, respectively, above 
^YevefruSerLoated ceils (day ^ insulin and pio- 
Srazone together acted synergisticaUy to increase this 
mesSee byTlmost 6-fold (Fig. 1). GLUT1 mRNA levels 
tfdnot change in age-matched undifferentiated cells main- 
^ in g^wth medium over the same interval. In ctmtrast 
to the observed synergistic treatment effects on GLUTl 
mRNA levels, GLUT4 mRNA abundance was increased to 
SXS above undifferentiated cells (day 0) reaching 
38- 4 6- and 5.2-fold elevation by respective treatments for 
/days' with insulin, pioglitazone, or both (Fig. 2). Whereas 
these values for GLUT4 mRNA abundance reflected an 
ovSll increase at day 7, a small decline was observed a 
this time point in some experiments with combmed treahnent 
bv insuuV and pioglitazone (Rg. 2, lower). Such results 
indicate that some down-regulation may occur in the final 

^TnS^g^n GLUT1 and GLUT4 glucose transporter 
mRNA leveb were accompanied by changes in ilevdsj c,f the 
encoded transporter proteins as determined by Western blot- 
ting. Whereas either insulin or piogUtozone frearment ap- 
Deared to increase GLUTl protein levels on day 7 of differ- 
entiation by 2.3- and 3.5-fold respectively, the agents to- 
gether seemed to act synergisticaUy to increase proteiii , levels 
bv almost 10-fold above those of age-matched undifferen- 
tiated cells (Fig. 3). In contrast to the observed synergistic 




-A- lNS*PIO 



GLUT1 mRNA 




-3.0 kb 



mRNA during differentiation, of 3T3-F442A cell* induced by insulin 
(INS), pioglitasone (P10), or both. Celb were seeded, grown to conflu- 
ence, and differentiated as described in Materitdnmd Methods. Un- 
treated age-matched fibroblasts maintained in DMEM containing only 
10% calf serum were used as control (CS). Total RNA was isolated at 
indicated time points, and samples (10 fig/lane) were electrophoreti- 
caily size-fractionated on agarose gels. Northern blots were hybridized 
to Riboprobes specific for rat GLUTl mRNA. Autoradiographic bond) 
were quentitated by densitometry and normalized for minor loading 
differences as described in Materials and Method*. Data represent mean 
values for n « 5-6 determinations. A three factor analysis of variance 
(ANOVA; insulin, piogUtasone, time) with interactions showed a sig- 
nificant effect on GLUTl nuWA abundance from combined, treatment 
with I and P (P < 0.001). Lower, Representative Northern blot showing 
GLUTl mRNA abundance in control (CS) and treated (INS, PIO. 1 + 
P) cells on day 7 of differentiation. 

effect on GLUTl protein, GLUT4 protein levels increased by 
about 2.2-, 6,6-, and 4-fold by insulin, pioglitazone, or both, 
respectively (Fig. 4). 

Increased stability of glucose transporter messages 

We next investigated possible effects of insulin and piog- 
litazone on the stability of GLUTl and GLUT4 mRNAs. 
Fibroblast 3T3-F442A cells were induced to differentiate by 
treatment with insulin (1 Mg/ml), pioglitazone (1 m), ox both 
for 7 days. The transcription inhibiting agent, Act D (5 «g/ 
ml), was' added to differentiated cells on day 7 or to undif- 
ferentiated control cells just before such cells reached confiu- 
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3 4 6 * 7 6 



GLUT4 mRNA 




-3.0 kb 



tazone (P J°^"^i^hed fibroblasts maintained in DMEM 
Metto*. to*^&Z££!?EZ Control ICS). Total RNA 
contaaung onlv W% «W m d]!!ScAhtd{ol F ig. i, and 

WW r^SSS^Krobe mmcripu specific for rat 
rLuTTSuuST^ultant autoradiographs was done a. de- 

5^*termin«uor«.Athr^ 

? ith ''KSSSfl? - oS)TpScI»<S0O1) ..W. Northern Mot 
JStfaSw ^^ibice in control <CS> and treated <INS. 
fia it P) «U. an <by 7 of differentiation. 

j totaJ rna was extracted from cells at indicated 
*r£s SJrSSof the transcription inhibitor (0, 1, 2, 4 
S^MhlEven after 24* treatment with Act D, ceU 
6 ' tmataed intact and appeared refractile, and 

SlSSSl^SSS iHLased the GLUT! 
S5ffiSh«« about 2.2 h in control undifferentiated 
about 5 7 3 6, and greater than 24 h in adipocytes 
j£S bv iatn\ent%vith insulin, pioglitazone, or 
£S^££Sy Table 2 >" THe stabilization of 

uV^^RNA ariared to account for corresponding uv 
GLUT ^OJ^SnA abundance. Similarly, GLUT4 




49,500 
32,500- 



41,000 



, on GLUTl pro- 



M CS INS PIO l+P 

Fig. 3. Effect of irwulin and pioglitazone . - r-- 

tein abundance. Upper, Increased GLUT1 protein abundance on dtf- 
fe renti»tion of 3T3-F44ZA celb. Confluent 3T3-F**2Ace£ 
fsientiated withHINS). P (PIO), or both (INS + PIO>« dascrfbedm 
Materials ond MUfta*. On day 7, cellular rnembiaMawere isolated 
from undifferentiated (CS) or differentiated (INS*. PIO-, or INS + 
CTO-treated) celts, and protein <lQ>g/lai») was ele^horesed and 
TmrnurSed for GtUTl detection wing the rabbit anti-GLUTl 
primary antibody (see McUenoUand MeOwds). Rating colonmetnc- 
aUv stained bands were quantitated by denaitometry and normalized 
for minor loading difference* Data *» "P""**"? P"*«* <* C< S™ 
and represent mean values ± SBK for * - » detentur^na. Witk 
background subtraction, the mean baaal value was 0^0±0 ; 06iarfwt*ary 
dehlhy units. Two factor ANOVA showed significant effects ?n 
GLUT1 protein by INS (P - Oj014), PK) (P - 0.0161, andlNS + PK) 
ip < o oooi) Lower, Representative imraunoblot showing expression 
of GLOT1 protein in selected samples from control (CS) and treated 
(INS PIO l + P) cells on day ? of differentiation. Molecular wight 
marker, at indicated in taneM; the GLUT! band ran a. M. - 41,000. 

mRNA half-life increased from about 12 h in undifferen- 
tiated control cells to about 14.2, 10.3, and greater than 24 
h in cells differentiated with insulin, pioglitazone, or both, 
respectively (Fig. 5, Table 2). Again, GLUT4 mRNA stabili- 
zation appeared to account for observed increases in mRNA 
abundance ^ , 

As shown in Fig. 6, we were able to quanhtate differential 
expression of transporter messages in cells undergoing dif- 
ferent treatments by differentially exposing the Northern 
blots to film. This allowed calculation of message half-lives 
even when transcripts were present only at relatively low 
levels. 



Pioglitazone, 5-[4H2K5^hyl-pyridyl)ethoxy]-2,4.thiazo- 
lidinedione, is an antidiabetic agent that has been shown to 
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10,500- 
32,500- 

M CS 

_„ . t . „ l1in , n d oioditaame treatments on GLTJT4 pro- 
Fic. *. ^«V^ lnw«^LUT4 pmtein level, on differentia- 
^ n *^ n F44M^ cTcufcure, treatment condition*, prutein 
tion of 3T3-F442Aceu»- performed as described in 

extraction, ^ d ^^ a t ^ ^Ce total protein were loaded for 
Pig. 3 legend. «cep ttb« w £g ^ ^ antibody. Data are 

"•^rSTS^rfS^ «»d represent mean ± Wtei-M 
e«pre^« T*er«nt ovc™^ 8ubtractlon . the mean basal value 
deterataatior* ;-A*"JfgH£ unit.. Two factor ANOVA showed 
f «5foEuS TbyVs <P - 0.01M. PIO (P - 0.007) 
»gmficant ewK» on v Lower, Representative immunobtot 

,h<r^increa^leve«« p ( celu . GLUT* protein 

I + P ) co »^J°^ d ^th apparent M, of 46.000. In control ceUs 

Becondary antibody. 

t_ hvoerelvcemia in animal models of noninsutin- 
deSent 2E22^m«- (10, 1 1, 30). The purpose of our 
dependent ™fV ^ „ ular action mechanisms wi- 
?S^*?iSSSSk: effects of piogtttazone. Our prior 
f52 idi«ted that the antidiabetic agent piogiirazbne 
rf£TS r^enf accelerator of adipocyte differentiation of 
Si ££u5 This was evidenced by our demonstra- 
treSnent of fibroblast-like preadipocytesmthpiog- 
S^^SdSS-*"" of fa^spedfic genes along with 
l,t * i^ortS^hological appearance of lipid-accu- 
"°HEitaS£3i corLmitintincreases in triglycer- 
mulanng ••W*? ta the present srudv , we showed that 
ide accum^or 14). £ * e P ^ an ' increased capadtv 

T A T H S!SS^i^ increases 1,1 GLUT1 and 

SS?A tfanKripts encoding these glucose transporters, and 
r A£3e increases corresponded with markedly en- 
hTced * SXrfS" GLUTland GLUT4 mRNA mes- 
c„i increased expression of glucose transporters in 

s^ssi th ^ ,s in a sEate acave for glucose 



s t/ooer Enhanced <JLTJT1 mRNA stability associated with 
Si^T«5K«A ceUs with irumlin (INS). P ioglrta*me <PK* 
ortaSTS + PI- Lower. Enhanced GL.LT4 mIWAaub^.s^*t*d 
with treatment of 3T3-F442A cells with I, P, or both. Confluent 3T3- 
F442Acelte were differentiated with INS, PIO, or I + P for 7 days a* 
described in Materials and Method*. On day 7 of treatment, Art D (» 
Slwas added to differentiated (INS. PIO, I + P) and uncUfftren- 
toted (CS) control cells, and total RNA was extracted hornce"* at 
indicated time point. (0, 1, 2. 4,6. and 24 W-A^tK* of mRNA w« 
assessed by Northern blotting analysis as described earlier. Data are 
expreased as percent of mRNA remainiiw*ter Act D treatment relative 
to the levels before the treatment time 0. Each data point represents • 
mean value for n - 2 determinations. Calculated mRNA half-lives are 
shown in Table 2. 

uptake, thus ultimately facilitating glucose storage and me- 
tabolism as well. 

Results of our present study showed that the differenoa- 
tion of 3T3-F442A cells by treatment with insuiin and piog- 
litazone was accompanied by strikingly increased capacity 
for basal glucose transport (60-fold) compared to that for 
fibroblast-like preadipocytes. Faolitated diffusion of glucose 
across the plasma membrane of adipocytes is known to be 
mediated by two glucose transporter proteins, t.e. GLUT! 
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lRT E 2 Cftlcu l fl «dmRNAh«ilMive fi mundiffe«ntia te d«d 
ifreftia^d ST3-F442A cells , 



^ INS PIO »NS * PIO 



Transporter 
GLim 
GLUT4 



*- " 'rK^r^aSrst-o^ rat* consent w„ , 
XmRNA half-life. 



GLUT1 mRNA Stability 



CS 



INS 



PIO 



l+P 




6 24 



Hours after Actinomycln D Addition 

^ . Aiitoradioaraphs of Northern blots probed for GLUT! mRNA 
FfC J;w aCdX «ft«r D treatment. Experimental samples were 
-"^fjKSS in Ffc 5. Data shown represent duphcate exper- 
P WP ^ £ceot te the time 0 INS, where only a single tampte 

„ne„tal pointy «f^ 10 ' ure w th e radiolabeled blot werr 40 18, 
te ,hw S INS PW^ai>d INS + PIO. respectively. Some films 

^re^fcn^ 

a «H GLUT4 (31). Multiple mechanisms exist by which hor- 
« ^ other factore control the rate of cellular glucose 
T£ v£ thesTtra^porter*. These include the rapid trans- 
^ , W oreetisHng^ansporters from an intracellular pool 

t ^Sne Plasma membrane glucose transporters, and 
SSSr 0 MheTynthesi S of new transporters (32). We 
£Sf observed increased transporter synthesis, since our 
demonstrated increases in the expression of both 
GUm aTd iCLUT4 transporters on mRNA and proteui 



levels (5- to 10-fold maximal enhancement for each). These 
results are in agreement with previous studies in which 
GLUT1 and GLUT4 mRNA and protein levels were shown 
to increase during differentiation of 3T3 preadipose cells (27, 
33). Our observed increase in glucose transporter activity 
appeared to be somewhat greater in proportion than the 
combined increases in the synthesis of the two transporter 
proteins. This observation indicated that another mechanism, 
such as increased intrinsic activity of transporters, may also 
contribute to the effect. Such regulation of intrinsic trans- 
porter activity has previously been reported (34, 35). Inhibi- 
tion of 3T3-L1 adipocyte protein synthesis by anisomycin, 
for instance, appeared to stimulate glucose transport primar- 
ily bv enhancing the intrinsic catalytic activity of cell surface 
GLUT1, and to a lesser extent GLUT4 proteins (34). Further, 
treatment of 3T3-L1 preadipocytes with tumor necrosis fac- 
tor-** reportedly increased glucose transport and GLUT1 
transporter intrinsic activity (35). Alternatively, it is possible 
that the apparent difference iri glucose transport activity and 
glucose transporter protein levels may be a consequence of 
our presentation of data as fold-enhancement relative to low 
level controls. As such, we may have some differences in 
detection sensitivity rather than absolute differences in the 
magnitude of changes. 

Increased mRN A abundance can be attributed to enhanced 
RNA transcription and/or increased message stability, it was 
previously established that increases in the steady state level 
of several mRNAs during differentiation were accompanied 
by activation of specific gene transcription (36-39). This was 
particularly shown for mRNAs whose abundance was in- 
creased markedly (20- to 100-fold) during differentiation, 
including the aP2 and gJycerolphosphate dehydrogenase 
genes (36). The same report showed no significant changes 
in the rates of transcription of mRNAs for which abundance 
was more moderately altered (2- to 4-fold) during differen- 
tiation, such as those encoding fructose-l,6-biphosphate, 0- 
actin, and pMubulin(36). Inanycase, most adipocyte mRNAs 
were far more abundant than would be predicted by their 
increased nuclear transcription rates. When increases in 
steady state mRNA levels cannot be attributed to changes in 
transcription, other levels of control such as mRNA stability 
likely contribute to the relative abundance of mRNAs during 
adipocyte differentiation. Since we observed moderate in- 
creases in GUJT1 and GLUT4 mRNA abundance (about 5- 
fold) with adipocyte differentiation, we compared mRNA 
half-lives in undifferentiated and differentiated cells using 
Act D (a transcription inhibitor) chase experiments. Differ- 
entiation of 3T3-F442A cells by insulin and/or pioglitazone 
dramatically increased the mRNA half-lives for GLUT1 and 
GLUT4 above their values in undifferentiated cells, Le. from 
1-2 h up to greater than 24 h. Such stabilization of these 
mRNAs with adipocyte differentiation correlated well with 
increases in the mRNA steady state levels. It is interesting to 
note that Actinomycin D itself has been reported in a few 
instances to have mRNA stabilizing effects (40^42). It would 
therefore be possible to extend our observations by conduct- 
ing experiments using different transcription inhibitors such 
as 5,6-dichloro-l-^-D-ribofuranosyltenzirnidazoleor thiolu- 
tin, or using a different method such as ('HJuridine pulse to 
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ifv message stability. However, our observed dramatic 
rease* th! stability of transcripts encoding glucose ttans- 
Sfta adipocytes versus fibroblasts seems likely to re- 
^though S may be some differences in the absolute 

Creased steady state mRNA levels during adipocyte 
S wSi increased mRNA stability. This process 
£ however, pnfictad earlier based on observed mcreases 

™5Sa transcript levels that could not be explained by 
^gene^Tnscription (36-38). Regulation of mRNA 
STin such cells has, in fact, been reported for other 
Sfen? Treatment of 3T3-F442A mature adipocytes with 
S°Sd, far instance, specifically decreased the adipsm 
SSa levd (43). For such studies, the rate of adipsin gene 
fn^nSn remained unchanged, whereas the half -W e of 

"^ mRNA was greatly shortened in retinoic aad-treated 
conXd with untreated cells (37.6-7.3 h). 

Mediate-early growth-related protooncogenes, m 3T3-L1 
wLts bv treatment with tumor necrosis factor-a (26, 35) 
S bSmo-cAMP (44). Whereas transcriptional activation 
? -iSSSrW genes correlated well with subsequent 
'C^nf thef respective mRNAs, increased GLUT1 
SnX waTdSe to an apparent increase in the stability of 
S^estaee (45 min to several hours) without changes in 
« SnSStian Another study showed that increased 
llSrSRNA abundance by chronic exposure of L6 myo- 
pes to insulin was due to increased transcription as well as 

't^erat^^ of mRNAsin 

resoonse to biological and pharmacological stimuli has been 
SSSed as antoportant posttransoiptional step for reg- 
SnTgtne expression (46-49). Despite that, the tnech- 
7ni?n5 undSying such processes, including the signals tha 
^Je?m^ A degradation or stabilization, the structural 
K7 A that are recognized by degradative 
IZ^Z or stabilization factors, as well as the enzymes or 
SfanT-acongSctors themselves, are largely unknown 
2a 49 521 InSstingly, a recent report indicated that the 
S ' Sated I Son of GLUT1 mRNA contains a single 
3 r^tdestJouSng AUUUA motif in the context of an 
A&l n^o? (26). lie stability of GLUT1 mRNA was 
£„nd to be partially controUed by its interaction with a 
Sence-spe&c mRNA binding protein, the adenosine- 
^ hindWie factor which was speculated to mediate 
n^NA sSSSofby blocking the AU-destabUizing motifs 
S^We therefore propose that increasing mRNA abundance 
o^rdtff^tion^increasmg message stability pre- 
S!n interesting phenomenon awaiting further examma- 
STStu^SS should be particularly directed toward 
Sentifying common mRNA sequences that .™y Unction as 
events in the differentiation-mduced mRNAs 
as well as identifying their regulatory binding proteins. 
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riutamic Acid y-Monohydroxainate 

i'pCnTaNTJA^OR VANADIUM-EVOKED GLUCOSE METABOLISM IN VITRO AND IN VIVO* 

(HecMwadftrpoMiMtkm, Wwu«y 6, 1988, and in reriwd 8>«n, J* 11 ? 8 > 1999 * 

™lf i TVidkinS**, and Yoram Shechter* tt 

Mati Fnaions » , . . rh*mistrv The Weizmann Institute of Science, 

..^w.„fikMHXM molecules , effects through alternative pathways not involving insulin re- 
ceptor tyrosine kinase activation or phosphorylation of insulin 
receptor substrate 1 (9-19). The key events of th* backup 
system appear to involve inhibition of protein-phosphotyrosine 
phosphatases and activation of nonreceptor protein-tyroaine 

fr-j nfl ana (20—23). 

im(ltfl iv H.1010 uii>«» Vanadium salts are seriously considered as a possible treat- 
feet was ^P^^fir^dip^es derived from rate J^JXtoEl. and several clinical studies have, already 
'rf SS S* ior ™ er ?S? yB - ^n pSfbrnSln Sose studies, because of its toxicity, only 
^H a l^va^d£m(IV> with i^Glu( r )HXM leJ to a ^^^anadium (2 mg/kg/day) we used. Although 
^^ J^asX theTb^ 1 * 81106 of vanadiumOV) at 766 ^^^^7 do8e8 used in most animal studies, several 
WP1 "c^V^^noecopy revealed that thechem- ^^XS^^bserved and documented (24-26). Any 
IS %£t of va3i^^^-4^ pp^PP-r^th ^^^ elevate ^ i^ulmomimetic efficacy of vana- 
appearance of a s^J^ C ^°2^ of Sum witnout increasing its toxicity is of majo, :cluucal interest 
^ K ffZLSZ. J!»Xl.T.£^v« for the future care of ^ewed^ 27). ^ 
L .Glu(v)^^™^ activated gluc08C metaboUsm O. 



ilJdsln hyperglycemic rats in phw iny c_, 

ion ™^.fftefa«uUnomi I i 1 «tic actions of vana- 
that P°^ n ^™ e p lSS activated Upogenesis inxat 
dium. ^l«(y)™ g£eof exogenous vanadium. This 
adipocyte. m *e .Asenw L D-Glu(y)HXM. At 10-20 ?x 
effect wasnot f™^^, activated 9-21%. This ef- 
L - GluW ^JSXldSer (140 ± 16% of max- 
feet was 'PP^^taKto. derived from rate 
i^^J^^wU^SSuW for several days. 



^y^^^^^^'^Z^ '"o^lly chelated vanadium -» — 

in potentiating ^^^^Sng glucose metabolism vaM dium-acetylacetonate and vanadium-RL-252^ are more 

in vitro and m vivo and ab ^^ of exogenous vanadium potent than free vanadium in meditating msulm-hke effects in 

in rat « di PT^u ^trSHf tracTintracellular va- £ t adipocytes (28, 29). Similarly, chelated vanadium «m- 

probably ^"^X tnSnomimetic compound. We poundfi f ^cTas bis(maltolato)oxovar^um and bisCpicolina- 

nadium Tw^e actfve^ecies is either a 1:1 or 2:1 ^^dium are more effective than free vanadium in re- 

vaLa^uTcoWlex in which the endoge- ducing circulating glucose levels in hyperglycemxc streptozocin- 

L -Glu(7)HAM vaii» altered to vanadium(V). ^ te (3 0-33). 

^^nv'wt^SonTrate that L -Glu(y)HXM- and ^ of these findings, we have continued our search 

^^.w^M-vanadiuin-evoked lipogenesis is arrested efFecti ve vanadium binding agents. Of special interest 

J^ 1U< SS^dSat activation of glucose uptake in ™^ vanadium chelators that synergic with vanadium 

^'SS ^bec^us* of enhanced translocation of ™L m st reptozorinrata) and in vitro (Le. in isolated 

GLT^ P STlow density microsomes to the plasma ^ thSHnable us to gain iadght into «fa. 

GLUT* mm. ra Jn echani9m(s) by which such compounds potentiate the 

insulinomimetic activity of vanadium. Spedncally, we have 
studied hydroxamic add derivatives. These compounds arein- 

5 studies have been camw ou„ "--e -- --- — w ^ the microbial transport of iron and are therefore 

the insulinomimetic effects of vanadium (1-4). Va- m conditions of iron deficiency (34) 

^ey are also inhibitors of urease activity and have been used 

- , . _ fw™ the Minerva Foundation, in the treatment of hepatic coma, Monoamino acid hydroxam- 

, Tti. workwas ^SSSSS^S tSlSXiA Z £es are simple, nontoxic derivatives of ammo aads x^partic 

Munich. Gerraany, The ^ ' d ph^ceutical Company. - d fl.hydroxamate was shown to have anutumoral activity on 

&Z£^£%^«* « ILS.C. Section 1734 sole* to ■ 

•"SSlS MfiUment of the requirements for the PhD. degree. t flbbreviations used are: BL-252, KCH.^-WCH.CWC^VCO- 
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SB X£eS of 17 n« inwttn. 

and Unoeenesis (the incorporation of U-"C4abeled a*»» U P id *> 
w^ SXr^aU^toMoody •* «l (39). Briefly >^ 
w " ^°J^J™gusDended in KBBH, 0.7* BSA buffer and dmded 
rat ampocy«» T\_ _ t . , ^.^n-j ne ml of adipocyte 



rt^edi* the present 

anoma in oivo (35, 36). 

EXPERIMENTAL PROCEDURES 
„, m^j,,™^ -nd 2-deoxy-D- [G- s H]gluoose were pur- 
^£^S^&Uagena« type I (13* units/ 
chased from N^^^^^PorcinTWin was. purchased 



NaCl, 25 ^ NaHCO,^ m«KU^ te HEPKCKRBH) buffer (pH 7.4) 

this study ^,l^£Lraattes was induced by a .ingle intra- 

todf Tf^J^i-^ an blood glucose level was detennmed 

8 days after mducQon ui adipocytes were prepared from 

CeU P™/^ w " a ^.f^^^^W^by«>na g cn a « digestion 
the flit pads of male ^^odbeU (37). ^preparation, showed more 
^T^S^^^^ S h after digestion, 
than 95* viability b fJ^^ „ descri bed m figure legends. Glucose 



♦ J nnpvtM were suspended in KBBH, 0.7* BSA buffer and dmded 
»l™t60 nlastic vials. Each vial contained 0* ml of adipocyte 
W 1 ^rtT5 x 10° cells). These were incubated for 2 h at 37 -C 

££* are exprewed as a ^'^^t^^^X- 
assays in which insulin activated "Pfs^esu^b-roia ai^ «« 



«is in this assay at an ED» value of 33 ± 3 pu. A eon™.™™ • 
r^uUn and above already facilitated maxunal <»«»»»»«- <' 
Ref 16) All assays were performed in duplicate or tripUcate. 

wllrn lZZblot Analyst, of GLUT4 inSMlar 
Folbwing Stimulation of Bat Atfcpc^s-Adipocyte. prepared from 
J3 «S were incubated with and without u»uUnand with 
fSSoj alone and completed with vanadate as specified in tfie 
^™ Cdkw« then homogenixed and fractionated to low denary 

^ oTlO^ SDS-polyacrylainide gel electn^ore^, ^erred to 
^^MosTpapCT and immunobtotted with antWJLUT4 antwew 
SrST«tioT;as performed by pb^arnaging. T*e reUttve 
(41). Y^T'r-T ^-esoonding to GLUT4 was qnantitated using 
intensity oi Dana* 

^ju-'wws CivHtrosamv— The sl V NMR spectra were recorded an a 
J-^ru^^^T) spectrometer. Spectrum width of 16.000 
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•FK, 2. Stimulation of Ji^^';t^^^ (8 



were pwncabated far ^0i mm «™^ )HXM to NbV 0, or with free 
3:1 . ™& ^^^1^ TtoSL were thei .supplemented 



«n necumulation time of 0.28 
VOCla (-490 ppm). 

um^W L ^"fT "iff IrSeTfor 10-20 min with 
ta^ts, rat adipocytes w^in^bateaw^ 

"STSSi Sourer an eS^cL combination of 
^CSpS^Svate lipogen^is relative to insuhn 
^ j^L. As shown in Fig. X, the combination was 
was then detenmned. As *» vanadate or 

highly ^^JSL ^? - 3 td 9 ^actively, 
whereas the «>mbinaUon prtrfuc^a mar^. fc 
^activationoma^ f ^ d ftt 30 ^ 

rfUpo^nes^ was37 3^20 Wort mannin 
it was 42 ± 4 ^^-^A 0S p ha tidyKnositol 3-kinase. fully 
(10 ° 1 ^i an (1 SSS effeSrf vanadate, i^Iu(y)HXM, and 
blocked the activating enecw » columns). Thus 

3 ^%%tf SS«U6^ by •.tanning «■*»*.««» ct 
sb* 11 ' j^fr AfL^tinc of Mgnifieant intowst to us was 

W ^^^^i;SaWV^Tof ^maximal insulin 

^^i^^o^^cl^etry, Hpogenesis ex- 

.Thus 



N*VO3C20|lM> 
I^Ghi(Y)HXM(40|iM) 




combination lai a ™« ° "~ 

Glu(Y)HXM-vanadium molar stoi< 
^dedto43and57*,respecuvely, 



a substantial synergistic effect is obtained at a l:l^olar ratio 
and is increased further at a 2:1 molar stoichiometry and even 
higher, though much less pronounced, at a 3:1 molar ratio 

m tmu(y)HXU Potentiates Vanadate-woked ffl««we Up- 
tote-Fig 3 shows activation of 2-deoxyglucose uptake by low 

wlhe2:l molar combination, of them 2-Deosyglucose under- 
^Tlsulin- or vanadate^voked influx intone «01 via the 
fame transporters as glucose and is phosphorylated m sUu to 
2-deoxyglucose 6-phosphate with no further metebohsm (42, 
43) Therefore, this measurement reflects an efiert on glucose 
enta-v into the cell in a manner largely independent of the 
mSbonsrn of the endogenous saccharide. Vanadate (20 ^ 
and U51u(y)HXM (40 „*) affected S^eoxy^^up^e of 
7 + 0 7 and 31 £ 4* of maximal insulin effect, respectively. 
Together they caused 2-deoxyglucose uptake 117 ± 9% of max- 
imal insulin response (Fig. 3). „.,,, , . r , , 
L.Glu(y)HXM Alone and L-GMyJHXM-Vancdate Lead to 
Translocation of OLUT4 from LDM to PM Fraction, in Rat 
SS^InSubation of rat adipocytes with i^uttfHXM 
and L-Glu( 7 )HXM-vanadate led to a decrease in thecontent 
GLUT4 in the LDM fraction and an increase in the FM fraction 
(Fig. 4). The decrease in GLUT4 content in the low deraty 
^protein fraction amounted to 32 ± 3 3 ± 1. and 68 ± 5% of 
Smal insulin response upon incubating the cells with 
L-Glu(y)HXM (40 /iM), vanadate (20 m, not shown) and the 
c^bmation, respectively (calculated from Fig. 4). Under som- 
SaTexperimental conditions, MyW*. vanadate^nd the 
combination activated 2^eoxyglucose uptake to an extent of 
31 + 4 7 * 0 7 and 117 ± 9* of maxiinal insuhn response (Fig- 
3) suiting a contributing effect of the complex to glucose 
iniluxin addition to its effect in recruiting GLUT4 transporters 
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LDM 




L ' &u( ^^^dDiaLic Rut^-ln the experiments sum- 
Strep^n-f^^^.^ted raU received intraperi- 
n*™? 1 ^f^'^^Tte (0.05 mmol/kg body weight), 
^VSK l3 body weight), or a combination of 
L -Glu(y)HXM ^fT?^ after the induction of diabetes. As 
tW ° "XXoS vaSTand L-Glu(y)HXM, at these con. 
shown m the f^re,vana ^ ^ th e high 

Centr fS^'^ Self characterizing these hyperglycemic 
circulating S^^^f" wa6 highly efficient at normal- 
ratS •T£SSST2fflES3^ was evident 1 day 
iang blood el uco ^ '^ ti ^ remained so following two 
£ >-* then remained close 

„ Gersbonov, M. Armoiu, E. KamieU, M. 



to normal for the next 3 days (Fig. 5). 

^ Absence of Exogeneous Vaiwafcim-^utannc aodtyjHXM 
also activated lipogenesis in the absence of added vaiiadhmi. and 
this effect was studied in detail (Kg. 6). The dose-response curve 
(Kb 6A) indicates that activation is already evident at 6 im 
iXfafrJHXMnd that higher concentrations reach a level of 40 ± 
7% of maximal insulin response (median effective dose « 35± 4 
um) Other amino acid hydroxamates such as L-Tyr(a)HXM. 
GlvWHXM. and b-Ee(o)HXM also activated fipogenesis, but they 
^ Serably less potent (ED^, = 250 ± 30 ^40 ± 5% of 
maximal insulin effect). uAspartic acid p-monohydroxamate 
showed higher Hpogenic activity compared with the o^ainmo aad 
^ZLnates and was slightly less potent than vGMyWXM. 

U3hi(v)HXM-fl-methyl ester were virtually ineffecove, indicating 
the need for a free a-amino and, to a soniewliatleswff extent, a free 
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ntto .isomer of Glu(7)HXM was meffecbve.AU these ^ ^ 3^ ^ prfma^ liirM^ the ^ 

N Se^eSrSlSrSt<S r wWdi 8 Stentjate the insuBnomi- 
metic activity of vanadium either in oitro or in u to, have been 
documented. These include acetylacetonate (29), maltol (30, 
31) picolinate (32, 33), and RL-252 (28). In Pig; 6D, we have 
examined whether they are capable of activating hpogenesu in 
the absence of exogenous vanadium. Unlike l-G1u(-,0HXM, 
none of these agents were able to activate hpogenesia 1 in the 1 rat 
adipose ceU at concentrations of 100 pM (Fig. 6Z» or lower (not 

Sh Siai« Potentiation 0 fi-GHu(y)HXM-evoked Upogenesis in 
Rat Adipocytes in Vitro Following Enrichment with Vanadium 
in Viw-The findings presented in Figs. 1-4 have taught us 
that l-G1u( 7 )HXM potentiates the insulinonrimetic potenpyof 
vanadium and that activation of lipogenesU by l-G1u(>0HXM 
alone never exceeds 40 ± 7% of maximal insulin effect (Fig. 6). 
To examine whether i^u( 7 )HXM-evoked hpogenesis can be 
affected by the level of intracellular vanadium, a group of male 
Wistar rats received daily subcutaneous admims^tiona of 
vanadate (0.1 mmolAg/day) over a period of 5 days to raise the 
level of endogenous vanadium. Rats were then sacrificed 7 h 
after the last administration. Adipocytes were prepared, and 
the effect of L-Glu(y)HXM on Upogenesis was compared with 
that in nontreated freshly prepared adipocytes. As shown in 
Fig 7 vanadium-enriched adipocytes became dramatically 
m^MWeWisSr sensitive to L-Glu(Y>HXM-evoked Upogenesis. This was valid 
rriwos. levels 310- both in terms of a leftward shift in the dc«e-response curve to 
™t», 6 j^^J^tfvSed ta£~seve«l group.. At th. time pointa L _ Glu < 7 )HXM (ED M - 6.4 ± 0.3 ^ versus VD K = 35 ± 4 /amuv 
^^^^ttn^peritoneal, at U:OO o.mJ. group, rfdw, ^ adipocytes) and in terms of the degree of upogenesis 
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p. c 7 Activation of lipogenww hy 



vanadium ^j^^, pH 7.4, con- 



^^emen^d withy-»fflg- 




A 

NaV0 3 (+5) 




B 

VOCl 2 (+4) 
S 


c 

VOC1i(+4HI^Q1u(y)HXM 










4W -473 -300 -923 



* of v*nadi«m(V), 



p.0.8. «V N^JP««^ va ^ B te(i5 , m i i pH7.1):B, "VNMRapectruni of van 
M f^-fJSRSSSwSri ^ t^«(7)Hai(20 m«, PH7.0). Spectra 



™ of vanadiumdV) with I^lu(y)m<roohydrox«injit«. A, "V 
™ vaMdSichlorideOV) (20 m* pH 6.8): C.^VOT^pertrum 
n!^™.™ monitored with fresh •olutiow. In C. the tpectrum was 



Studies— Previously we found in cell-free ex- 
. "2t vanadium(rV), at neutral pH values, undergoes 
P^^^l^ridation to vanadium(V). This occurs sjnu- 
e of 10 mM reduced glutatiiione, an iraffec- 



slow 



7 . . ... n-eaance of 10 mM reauceu gmwuuw", 

l8ri ^^To1 vtnadiumCV), at neutral pH values with a U 
tu al redurtant of vanad, ^ summarized in ^ 

value of 1 ^SZtspectra of vanadium dichlorideflV) at P H 
^tlXSto of L-Glut-rJHXM Vanadium 
I-°SSvTap^as a single peak with a chemical shift 
dichiondeuvjapf^ spectrum, indicating one mam species 
p^^* P-l S» the addition of L-Glu^HXM (1 



equivalent), the chemical shift of vanadiumdV) at -490 ppm 
disappeared within minutes and the principal chemical shift 
characterizing vanadhimCV) at -530 ppm appeared (Pig, 8). 

VanadiumdV) (U vanadyl sulphate or VOC^) has a char- 
acteristic "blue" absorbance with e, m m = U ± 0^ whereas 
vanadium(V) does not absorb at all attbiswaveleng&C^). The 
Addition of 2-3 equivalents of b-Glu^HXM to VOCyiV) (50 
mM at P H 7.S) led rapidly to a near total decrease in vanadi- 
umdV) absorbance at 766 nm (Fig. 9). Fig. 8S depute complex 
formation as a function of the pH in the range of pH 2-9. 
Decrease is minimal at pH 4.0, quite significant at pH 5.0, 
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Fto 9 Decrease in ataoAwwe _©f 

w of L-GUi(Y)HXM- Effertof pH. A 
»«Jumn. absoibance of VOCl, alone 

.to at neutral pH values, remains com- 
L 45fu(r)HXM. 




hdfr maximal at pH 6.7, and reaches a stable plateau at pH 
range 7-9 (Fig- 9B). 



it has been consistently observed that chelated palladium 
It has *j than the free metaloxide in f acfli- 

T^T^OSSSS of insulin. This was demonstrated 
tatmg toe ^^j^ H li°^t adipocytes, a* well as in diabetic 
^ ^ nCt^^aW^erglycemic rats (28- 
£3? S£2 7£^«™ * the Rental models 
LT^r^dation state of vanadium applied, and the different 

^^^^^^i^a^SSSa^ 
^^^Sir^iirmiXte therapeutic relevance we 
f^TJZJ^Xm chelators characterized by. (a) higher 
l0 ° ^c ^tennes than previously documented for vana- 
synergwtac potencies vana dium-evoked glucose up- 

^^TSetabS both inland in diabetic rats 
^ h ?rrfnS£oScity, and (c) reasonable solubility 
n ttum ,Jb) l< Z^^^ t ^' wm ^tioa with vanadium. 
* fT .^vwe ^introduced the L-isomer of glutamic 
In this ^dy.wehave mtroo & fulfilled the above 

a cid(7>monobyd^^^^^^y h ^ ^ 

«*^2SE ^relSLent of GLUT4 transporters from 
StSSl (Figs. 1-4). /n 1* It POten^ted^e 
« J? Jt vuadfaim to lower blood glucose levels in streptozo- 
ST5 S amCacid analog has negligible toxicity 
on rats <^{^^ u{7)H XM alone and its complexes with 
tom T^ Wy^uWe Aqueous media at neutral P H 
V T Z topSant feSng was that UHu(y)HXM alone in 
1 h^rr^Sr^anadium, showed a reasonable 
activity in that it activated gluc^ 

a &^S'beS?shared by any of the other vanadium 
L :°! !2!!rt«t^eSe the actions of vanadium in or m 
chelate^that potentate *m* ^ Qur ^ umptioll that 

SffiM Permeases into the cell interior and transforms 
* taSSSar vanadium pool into an insulinomi- 

^SSVSZ gains credence from the dramatic sen- 



sitization of vanadium-enriched adipocytes to U51u(7)HXM- 

•TtX£l££* this point that became ofthe 
extreme complexity of aqueous vanadium chemistry (reviewed 
in Refs. 46-49), the intracellular milieu of the mammalian cell 
is still "a black box" with respect to the state and the form of 
entered vanadium. With the endogenously present vanadium 
pool, experiments have shown that it exis* .mostly 
uxnOV), though some researchers may wonder even about this 
^^rjLding because vanadium in to IV oxidatom 
sSteTonly stable at acidic pH values (pH < 3.0) and readily 
oxidizes to vanadiumCV) at neutral pH even in the preeence of 
high glutathione concentrations (28, 46). The mtraeeuuto va- 
nadnun pool, however, can be preserved in iteJV <mdation 
form at neutral pH values if it is chelated by ascorbic aod (not 
i) or to endogenous proteins (50, 51). At the low physio- 
logical level of intracellular vanadium, the cell should have, the 
capacity to chelate all the endogenous vanadium. 

Our experimental findings that U31u t*BM alone en- 
hances glucose uptake and glucose metabolism (Figs. 1 and 2^ 
together with the apparent rapid conversion of v^dmmttV) 
to vanadiumCV) upon completion (Figs. 8 and 9) strongly 
fupirt the contention that vanadiumCV) rather than vanadi- 
umOV), and in a chelated form, is the active insohnomunetic 
species that facilitates the activation of glucose ^ P ^!H?«« 
metabolism in rat adipocytes. Although most of our previous 
cell-free experiments support this conclusion, wewere not roily 
convmceo^rTto the completion of this study. This * because 
protein phosphotyrosine phosphatases (w^ p-mtrophe- 
Sphosphste as a substrate) are inhibited by both vanadi- 
umOV) and vanadiumCV), free or chelated, at nearly the same 
concentrations (see Ref- 52). On the other hand, adipose non- 
receptor protein-tyrosine kinases, whether cytosohc or jn«n- 
b^anTarewS one exception activated by vanadiumCV)but 
not at all by vanadiumdV) (22, 23). We have on^observed 
vanadium(rV)-evoked activation of nonreceptor protem-^ro- 
Bine kinases when merobranal protein P^P^^f P h ?f" 
Stases were extracted with Triton X-100 and added tothe 
Stesolic protein-tyrosine kinase fraction (29). These experi- 
mental conditions, however, are not Hl^y to occur m the intact 
cell system. For example, broken plasma membrane fragments 
(or deoxycholate-treated membranal fragments) did not sup- 
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tnce0 fvanadiuin^H - superior to previously 

In sundry, i^ 11 ^ of vanadium in potentiating its 
iocutnented o^^e^ and metabo lism in 

activation ^th earlier studies, this may be 

and in ^^^tf&e following: (a) increased effi- 
attributed to one^orm ^ to mto cells or 

ciency of tins ^^.^^oordinated, rather than octahedral 
tissues; (6) a f arable eaviroMnent 
topography of ^ ( ^SrXcellular stability of the 
(Ref. 50); a »^ .^SSL*. Finally, we have recently ob- 
u-GluC^HXM-vaaad.um^pl^ pho8phata8e * 

served that v ^**J^ylN This inhibitory effect of vana- 
the presence of ^"gj* 1 ^ our point of view as it may 
date (53) is ^^Sty in mammals, but not to the 
contribute to vanadium**^ metabolic actions ofinsu- 
efficacy of vanadium £ "gj^ ^ basic and diabetologi- 
SSpSstS^tSU being further investigated. 
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Evidence That Glucose Metabolism Regulates Leptin 
fSXn from Cultured Rat Adipocytes* 

SfssS, and PETER. J. HAVEL 

JUDITH bAMU „ JJf , and Department of Pediatrics (FM.G., CM.WJ, 

^^^TJs^S^m^ (c. yjc TJ£ia *>* »■* 10022 



ABSTRACT .^ted from adipocytes is correlated with fet 

Circulating lepbn ""ff^^S&n humane and rodents, 
mass and ^ JJ^gES d^ase during fasting and in- 
Plasma leptin, insulin, ^ B 1 " 0 ^ underlying mechanisms regu- 
crease after refeed^ how^toe To investigate 

lating the ^""J^^Cdriu^se metabolism in the regulation of 
^^l^^SaSed^^a of insulin and inhibitors of 
leptxn secretion, we «wnun^ secretion from rat adi- 

BlwC0Be ^^i^taS^toa^» (016-16 n*> increased leptin 
pocytes in pricey increase in leptin was more closely 

secretion over 96 h; takeTupby the adipocytes (r - 0.64; 

related to the »f f o SZn^» " 0.20; P < 

J ^SSa^CgSr^t &/or metabolism in 

port and phosphoryUta^, Essence of 1.6 nM insulin. 

T^^S^ect o? ^DG w^rever^d by high concentration, of 



Mucose Two other inhibitors of glucose transport, phloretin (0.05- 
O^ZJZ S^halaain-B (0.5-50 also inhibited leptin secre- 
tion Inhibition of leptin secretion by these agents was prorxjrUonal 
Hiemnaftionof gftcose uptake (r - 0.60to0.86; allP< 0.01). Two 

totecreffiufl^resence of 1.6 nM inmUin. In addition, both 2-DG 
^d^u^ fluoride markedly decreased tta leptinl [^eBsengar 
content of cultured adipocytes, but did not affect IBS nbosomal 

^We^dude that glucose transport andmetabolismare important 
factors^ the reguUtion of leptin expression end secretion and that 
SiVeffect of insulin to increase adipocyte glucose utilisation u likely 
5 confute to insulin-stimulated leptin secretion. Thus, w vu£ 
decreased adipose glucose metabolism may be one^m^^nam by 

nology 189: 651-568, 1998) 



P v ADIPOCYTE hormone, leptin is implicated in the 
^tioTof food intake, energy expendoUire and 
j J!f^r« 11 Circulating leptin decreases after fasting 
body fat sto«WW™ hifflians ( 2 -4) and rodents (5-7), 
"?^SrfSSS?5 hSKL. -feeding (3, 6) In 
^ d m ^^t s a nWnal rise of plasma leptin. (8), which 
^'^'^ihiteed^duetoadelayed effect of insulin 

releasee aura ^6 expression of the db gene in rodents 
esis, msuhn "^^^^tro (12 , i 3) after a number of 
l 9 ' U) innl^Sa^ ^ut^d leptin concentrations 
5 0UrS -^ iTSSSlte weight loss, independently of 
^P lSwim insulin sensitivity independently of 

betes Foundation. 



necessity require the infusion of large amounts of glucose to 
prevent hypoglycemia. Similarly, prolonged hyperglycemia 
m response to extended glucose infusions increases plasma 
leptin after several hours in nonhuman primates (20) and 
human subjects (21); however, glucose administration also 
markedly increases endogenous insulin levels. Therefore, the 
role of insulin perse on the adipocyte vs. the effect of insuhn 
to increase glucose flux into adipocytes was not addressed by 
these experiments. 

Several lines of evidence have led us to hypothesize that 
glucose is an important regulator of leptin expression and 
secretion. First, increases in db messenger RNA (mRNA) after 
glucose administration in mice are more closely related to 
plasma glucose concentrations than to plasma insulin con- 
centrations (22). Second, irifusion of small amounts of glu- 
cose to prevent the decline of glycemia during fasting m 
humans also prevents the decrease in plasma leptin (2). 
Third the decrease in plasma leptin during marked caloric 
restriction in humans is better correlated with the decrease 
in plasma glucose than with changes in insulinemia (4). 
Fourth we have found that low plasma leptin levels in strep- 
tozotodn diabetic rats are acutely increased by insulin ad- 
ministration in proportion to the degree of glucose lowering 
(23) Lastly, lowering plasma glucose concentrations in hy- 
perglycemic insulin-dependent diabetic human subjects by 
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jrfa.bg insulin at rates that produced physio i og ical insu- 

To f V f Sttol^^ap^ and modified an m mfro 
611068 ^tSSS^aTa.Mpc^tes in which the adipocytes 
^ ^Tdefeed of extracellular matrix 

318 ""iSflS Tht 2£* Matrigel, appears to simulate 
components attachment of cells and may 

^^tS^^bentSpocytes. Cells cul- 
^ 1c ^STaJe therefore, in an environment closer 
**ed m «*JJXS5S milieu than in systems where 
to ,^^^£ floatSg in the culture medium. Adipo- 
adipocytes are ^ been shown to maintain 

^^d^nSSated characteristics and, in contrast 
m ^ Y ^ JrSVSvS^tes, show no sign of dedifferenti- 
tog jSSS,26).Withthi S systemwehave 

mvesngatedttieregu^ jrf&ta, of adipocyte glucose 
insuhn and ^ J^Km on leptin secretion^ne leptin (ob) 
^r^Spoc^ after culture with insulin 
and inhibitors was also examined. 

Materials and Methods 

Materials 

j me ourchased from life Technologies {Grand 
DMEM and FBS were purcn^o^ with 6 ml each of MEM 
1, NY). The bp* 1 wpre 8UPP — 



with 1% or 5% FBS. The isolated adipocytes were then mcubatedfor30 
min at 37 C before being plated in Matrigel-coated culture plates. 

Adipocyte culture 

Matrigel was thawed on ice to a liquid and uniformly appUfdto the 
surfacTofthe culture dish (300 «1 Matr^/^oun well). After the 
incubation, 150 fd of the adipocyte suspension (11 ratio ofpacked ceUs 
£mediurn) were plated on\he liquid matrix. The warmth of^eo^f 
and buffer caused the Matrigel to gel around the adipocytes, effectively 
them to the culture dish. After a 30-min incubation at 37 C, 
i2 i fcwi OTR i™» >Hd«l. The 



Ito/strerrtomycin^OOO U/ml/5000 

^ D ^ KA ^*W (S^^ M^SA, 456 U/mg), insuUn, 
^r^T_ nl -1.1 *n„ tn^nan-tatE. and fructose 



type H ^.^^d^NaH^^retm: iodoacetate, and fructose 
sas Qty, MO). 



OH). 



anchorine them to tne culture man. «™a • j™™--.™— .~Y"_~' 
2ri**rm culture medium supplemented with FES padded. The 
cells were maintained in an incubator at 37 C in 6% CO? for 96 n. 

The initial medium concentration of glucose for die cultures con- 
ducted in the insulin dose-response experiment was 100-105 nw (160- 
190 me/dl) to ensure that the cells would not deplete the gh^wipiply 
during the 96-h incubation when higher concentrations of insulin were 
used. Only 1% FBS was used in the insulin dose-response study to 
rnirdrnize the small amount of insulin present in the serum, which atl% 
was less than 0.1 uU/mL In the fructose study, medium made with 
Sucose-free DMEM and 1% fetal serum was used to minimize the 
amount of glucose available to the adipocytes (<0.1 mmol/liter). How- 

ESctase experiment, the Matrigel was diluted 12 with glucose-free 
medium to approximately 15 mmol/liter glucose. 

fa the other experiments with inhibitors of glucose transport, J-DG 
(28) phloretin (29), cytocnalasin B (30), or with inhibitors of gly- 
Slvsis ^odwcetate (31), and NaFl (32), the initial medium glucose 
eolysis, . »<tfo>« iVhj ^ go.ioo'^/di) with 5% fetal serum. 

used at concentrations at or tH™- *"» tvoicallv 
■ 'ycolysi 
ethane 

heretoi c, uuc mnuuiu »• ^ 
wells in the cvtochalasin B experiment was equalized to 05% ethanol. 
S^adip^cytesfrom eachardmal wenl divided intoweDs with 
the responses to insulin, the various inh&itors, or fructose b«ngcom- 

-• -' : ate control well containing adipocytes 

insulin dose-response study, we 

-i in the presence of insulin were 

iim Inn inmilml until after 24 h 



v. , c™*«™*.Dawlev rats were obtained from Charles ^W^or 
^mWKSSh ^ere housed in hanging wire cages in tempw- 
in ^^^C^s^24 Qwith a 12* light-dark cycle and fed 
ature e ^^J^or5urina, St Louis, MO) and given deiomzed 
ff^^SSS PrtSol was approved by the University of 
^l^^car?^ committee. 

Cell isolation/preparation 

™««d from epididymal fat pads of male Spra- 

Adipocytes ^^ri anesthetized with halothane. Epididymal 
gue-Dawley ^^fP^^^^ptic conditions, and adipocytes were 
fat depc^were resectea according to the Rodbell procedure 

isolated by described below. The fat pads were 

(27) with ^^^n^ H^buffer (pH 7.4; containing 5 
minced mtopieces "gJgjSJtop, 22 ^ cfa^O, l£m« 
m« ^^ n ^J^ ™~pW 2.17 mM Na 2 HPO<, and 10 mM HEPES). 

" ™S^£d3fc jSfKtager HEPBS tate "ilh 



pared wim those of an «] 
from the same animal In _ , 
found mat medium leptin cone 

not increased over those in coi . g^-j,.™ 

n 5% 0 f themedium volume) were collected at 24, 48, 72, and 96 h and 
replaced with 300 /d fresh medium containing the appropriate concen- 
trations of glucose, insulin, and/or inhibitors. Cultures were observed 
daily with a phase contrast microscope. After 96 h, a subset of the culture 
plates was frozen until analyzed for leptin (<*) r 
Northern blot 

Assays 

Leptin concentrations in the medium were determined with « ^ 
stivTand specific MA for mouse leptin as previously described (7) 
rltaco Research, St Charles, MO). Leptin concentrations m medium 

: • . i i ^JiwvMthia TvutMllTwH With 



medium were 86 ± 3* ot tne mouse vaiues «™ -T ~T — 

the two assays (r - 0.97; P < 0.0001; unpublished data)/niere- 
forTmeasurements of rat leptin made with the mouse assay provide a 
Sfable measurement of leptin i^^^y 
coeffkients of variation for this assay are 4.0% and 112%, r«*>^veiy 
(7) The antibody used in the assay does not cross-react with msulin, 
Srrfr^lin, glucagon, pancreatic polypeptide or son»tostatir^Glucose 
acetate were measured with a YSI ghtcose analyzer (model 2300, 
Yellow Springs Instruments, Yellow Springs, OH). 

Northern blot procedure 

The following procedures were performed on culture plates mcu- 
bated^with 5 mil glucose and 5% fetal serum alone (control), 1^ hm 

96 h. Northern blot analysis was performed as previously described (33). 
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^ ^ . o e adipocytes 

epeouvdytaken in and expelled from 



-r- aHinOBe Hssue. UVabsortwiice^^rt^ty gels 

,uuon of ^dxposeb^ue of equal mass of RNA in each well, 

to estimate ^I^Sa uSng a Vingle-srranded complementary 

W ^SK«e reanalyzed using a probe complemen- 

with , I S l ^l D ^^wt^StaaltyWentical in all cases. In particular, 
^^^oT^rr^uence the 18S ribosomal signal 

Calculations and data analysis 



of glucose in the ^^^^ K To examine the relationship 
and c ^^^§, ^STTux and leplin secretion in response to iiv 
crt^Mnilm-mediatea gnKo*^^ iacose % h ^ 

as . la ^ per X^lMwtcoUT, where A I^Tchange, and ex- 
ca)cuk ] ed area under the curve for leptin concen- 

presS ed .^l^^^^T^hwascalculatedbythetraperoidal 
trations m the medium ^ ee " u were compared by paired t test The 
method The ^ ° f ^^^^^^ANO^oex a rrune 
r^^^^^rm^uT^totiar* of insulin or in- 
me rebtioi^psbe^een^mea, ^enupbythe adipocytes, 

P^TSno^ Berkeley, CA). Data are expressed as the mean ± 



Responses to insulin (0.16-16.0 nM) 

The effects of insulin on leptin secxetior^and therelation- 
ch^bSreen elucose uptake by adipocytes cultured with 
?X^Se?Sations of insulin and leptin secretion were 
^^ TTto produced a concentration-dependent m- 
^^wluSeuptakeby the cultured adipocytes (r « 0.61; 
^fS^ insulin concentration), as assessed by the 
LlaS Ju'ccSme medium (Kg. 1A). Withno added 
decrease m^ucos^ concentration decreased from 

ti^^ted with the decrease in glucose in the me- 
Zrove?%h(7= 0 61; P < 0.0002),suggesting that a 
dium over W nir , entering the adipocytes was 

"^"sSn waf mcreased over the control value by 
.UtoeTcOTStions of insulin (Fig. IB). The production 
^^wasTotrelated to the leptin response (r = 0.10; P - 

S'SSlTwas independently related to the decrease in 
°tfL redTum during the incubation (Kg. 1C), but 
STthe ^cSS (Table 1). Simply wi* * 
m^tirie region model, the AUC for leptin was related to 
£ ,££2* slucose, but not to the insulin concentration. 
T^H^^tii pSStege of carbon released as lactate per 



I 

£ a 



TV! 

N. 




























> 












1 


• — .NOMSUUN 

— o— mtuuH p.ui«a 

_-g-.MMUNtU<«« 













.. B _.H«uuNpj«ia 










i 

■ / 








/ 






r 








GLUCOSE UPTAKE (mmol/L> 



FIG 1 A, Glucose concentrations in medium from 0-96 b. from iso- 
lated rat adipocytes in primary culture with insulin concentratiimB 
from 0-16 dm (n ■= ^treatment). B, Leptin concentrations from 0-86 
h from isolated rat adipocytes in primary culture with 
centrations from 0-16 hm (n - 8/treatment). C, Relationship between 
etucose uptake, els assessed by the decrease in glucose in the culture 
me^ffiptin secretion, expressed as the AUC from 0-96 h, 
during incubation of adipocytes with 0-16 dm insulin (n - 32). 
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TABUS , m^^O^J^^^'Si^.SS^^SSS^ 



ALept vm. 


AGlw 
P 


ALept 
r 


r 

0.64 


0.0001 


0.20 


0.67 


0.0001 


0.51 


0.86 


0.0001 


0.78 


0.60 


0.01 


0.58 


0.83 
0.85 


0.0001 


0.74 


0.0001 


0.60 



Insulin (32) 
2-DG (38) 
Phioretin (38) 
Cytochalafrin-B (19) 
- * — e(34) 

e (28) 



0.28 

0.001 

0.0001 

0.02 

0.0001 

0.001 



0.001 

0.0012 

022 

0.0001 

0.0001 



0.29 
0.75 
0.26 
0.17 
0.73 



I 



» MSUUH 1* >M 

ZlS^ MS + 2DG 2 mgM 
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w A*Mal41l 
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1 -^r^r 

" 1 



TIME <hr) 

1* 2. Effects rf^^^ 0 ™r^^^i^S 
2-DG on leptin ^^^X^br^h^ L6n* .insulin and the 



48 h on the inhibition of leptin 



IjLt rfadding glucose (56 mM) at 
SSi SXcid by 10 mg/dl 2-DG. 

al. in the insulin experiment between 10-68% of the amount 
^?rbon tetoiup as glucose was released as lactate (mean, 
S lE5 «• «» direct relationship between this 
™ ~J2£ and the insulin concentration; however, it was 

giutw v lactate production (P = 0.06), but 

^- ^ re£ted t0 bo* the change in 
SSoUSdlE alnmt of glucose carbon released as lactate 
(bothP< 0.001). 

Effects of 2-DG (2-50 mgldl). 

tt« „««-f of inhibitine glucose uptake and metabolism 
wi£l D^n S sSf tion and ^relationship to adipo- 
with 2-DL. on iepu examm ed. 2-DG at a concentration 

22) in &e presence of 1.6 tim insulin (Aglucose, 
^ S rSnol/lLr) and inhibited the ^tm response 
, iTrlihl bv 69 ± 4% (P < 0.0001) compared with insulin 
^SflM rAratow«coiKentrati<mof2-DG(10mg/di) / 



• MSUUN1JBnM(l>-ia| 

MS ♦ PHLORETM 0JMBM|f>-4 
_ - F3 - . M« ♦ PHLOREfW 0.1 (V* 

. - MS ♦ PHLORETW «J» ■Ifltn-M) 








, * - ts.« mM 


GIUCOM AMI 
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r"'" 


F'"*" " 







TIME (hr) 

Fig. 3. Effects of inhibiting glucoee transport with P^ore tin on leptin 
■ b from 0-96 h in medium from isolated rat adipocytes 



S primary culture for 96 h with 1.6 nM insulin and the effect °f adding 
glucose (55 mM) at 48 h on the inhibition of leptin secretion produced 
by 0.25 mM phloretin. 

mmol/liter) and leptin secretion was inhibited by 47 ± 5% 
(P < 0.0001). The lowest concentration of 2-DG (2 mg/cU) 
produced less of an inhibition of glucose uptake (A, -15 ± 
0.9 mmol/liter; P < 0.01 vs. insulin alone). At this concen- 
tration, the leptin response was not significantly inhibited 
until the 96 h point (P < 0.02 is. insulin alone; Fig. 2A). 
Overall the change in leptin at 96 h was related to the 
, concentration of 2-DG and was well correlated with the de- 
crease in medium glucose (Table 1). By multiple regression, 
the leptin concentration in the medium at 96 h was signifi- 
cantly correlated with the change in glucose, but not to the 
2-DG concentration (Table 1). The addition of glucose (S5.5 
mM) at 48 h reversed the inhibition of leptin secretion pro- 
duced by 2-DG at 10 mg/dl by 96 h (P < 0.01 vs. 2-DG; NS 
us. insulin alone; Fig. 2). 

Effects of phloretin (0.05-036 mil) 

The effect of inhibiting glucose uptake with phloretin on 
leptin secretion was examined. Phloretin at a concentration 
of 0.25 mM completely inhibited leptin secretion (Fig. 3). The 
0-96 h AUC for leptin was inhibited by 91 ± 2% of insulin 
alone (P < 0.0001). This higher concentration of pWorehn 
(0.25 mM) also completely blocked glucose uptake in the 
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( i /: nM insulin (Aglucose, 0.7 ± 0.1 mmol/Uter). 
ST lep to response was inversely related to the 
^iS n Jf phloretin and was highly correlated with 
L SSeS in glucose in the medium (Table 1). However, 
u ^!f^rtp?ession, the leptin response was correlated 
*-£°£&ZS£ Scose, but not with the concentration 
*H,^^S^eadaUtionof555mMglucoseat48h 
Xo^e£ *e ^ition of leptin secretion by phloretin 
(Kg. 3). 

EffectaofeytocludasinB . 

The effect of inhibiting glucose uptake with cytochalasin 
_ ,^!r^rr«tion wis examined. Cytochalasin B pro- 
L^cSvSSn-dependent irJubmon of glucose up- 
£iS secretion (Fig. 4). The leptin response was 
■ correlated with glucose uptake by simple re- 

Slgm hc^dy correla^ J^^f^y correlated with 

S T^\2^ £ observed withme other inhibitors; Table 

f^utti^rig^ 

of^Ucati (n = 19) in this experiment. 

Effects ofiodoacetate (0.005-1.0 mu) 

^S^rSSd^ucose uptake (Aglucose, -0.1 ± 
and 0.3 ± 0.2 mmol/Uter, respectively) and 
}\ J^Sr!™ " 0%6 h AUC for leptin was inhibited by 
^S^K ^%,and -87 ±3%, respectively, compared 
«SlnsuUn alone; (all P < 0.0001). The lowest concentration 
T*£^i (0005 mM) produced less of an inhibition of 
° l ^^kefA2lucose -1.8 ± 0.8 mmol/Uter) and less of 
an inmorao r fe ^^8^ me release of 

Snwat Sed to the y cc^trauon of iodoacetate and 
^.ieWv rarSated with the change in glucose in the 
''SJS&S?? However, by multiple regression, the 
^Hn^c2S ar 96 h was related to the change in glucose, 
Ko^^centration of iodoaoetate (Table 1). 





Fio. 6. Effecta of habiting glycoiyrawito 

a from 0-96 h in medium from isolated rat adipocytes in 



primary culture for 96 h with 1.6 nM insulin. 



_— # MSUUNlJlnM(l 

HI *FW Mm* 
__H — MS*n-0£mM 
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Effects of inhibiting glycolysis with NaFl on leptin concen- 
_i from 0-96 h in medium from isolated rat adipocytes in pn- 
culture for 96 h with 1.6 nM insulin. 



Effects of NaFl (0.1-5.0 mu) 

The effect of inhibiting glycolysis with NaFl was exam- 
ined. The two highest concentrations of NaFl (5.0 and 1.0 
mu) completely inhibited glucose uptake (Aglucose, 0.2 ± 
0.1 and 0.0 ± 03 mmol/Uter, respectively). The 0.5 mM con- 
centration of NaFl produced less of an inhibition of glucose 
uptake (A, -2.1 ± 0.6 mmol/Uter), and the lowest concen- 
tration (0.1 him) of NaFl did not inhibit glucose uptake (Aglu- 
cose, -3.9 ± 0.5 mmol/Uter) compared with the effect of 
insulin alone. The two highest concentrations of NaFl (5.0 
and 1.0 dim) markedly inhibited leptin secretion (-81 ± 6% 
vs. insulin alone; P < 0.0001). The next concentration of NaFl 
(0.5 mM) produced an intermediate inhibition of leptin se- 
cretion (-47 ± 15% of insulin alone; P < 0.05). The O.l-mM 
concentration of NaFl did not inhibit leptin secretion (-4 ± 
15% vs. insulin alone; P = NS; Fig. 6). 

Overall the decline in medium glucose was significantly 
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j ... tho ,nncentration of NaFl and highly cone- 

^ted w * ^J^uXf leptin secreted at 96 h was strongly 
^^^\5^e^hanee in glucose in the medium (P < 
Si)" concentration (Table 1). 

JZdlSS ribosomal SNA 
The effects of inhibiting glucose uptake and metabohsm 



19 

1 



mRNA was detectable in adipocytes incubated for 48 h either 
with 1.6 nM insulin or without insulin (control). However, the 
leptin mRNA signal was reduced to near undetectable levels 
when adipocytes were incubated with 1.6 rai insulin and 
either 2-DG (10 mg/ml) or 1.0 mM NaFl (Fig. 7A). The effect 
of 2-DG and NaFl was specific, because in the same samples 
there was no effect of these concentrations of 2-DG or NaFl 
on 18S ribosomal RN A (Fig. 7B) or on nonspecific RNA bands 
(with a different mol wt than leptin mRNA) that could be 
detected on the Northern blots, after long exposures (datanot 
shown). Leptin mRNA was significantly reduced by 2-DG or 
NaFl regardless of whether the signal was normalized for 185 
ribosomal signal (P = 0.0174). Qualitatively similar effects of 
2-DG or NaFl were observed in cultures incubated for 96 h 
(P = 0.0228; data not shown). 

Eff^s of fructose (5 mu> 

The addition of 5 mM fructose to medium of cultures in 
which the glucose concentration was mmimized by diluting 
the Matrigel 1:2 arid using glucose-free DMEM with 1% 
serum augmented leptin secretion after 48 fc. The initial re- 
sponse in the control wells was probably due to the residual 
glucose (-1.5 mmol/L) in the diluted Matrigel. However, 
bom the integrated AUC from 0-96 h (P < 0.02) and the 
leptin concentration at 96 h <P < 0.01) were increased by 
fructose (Fig. 8). 

Discussion 

In the present study we found mat addition of physio- 
logical concentrations of insulin stimulates leptin secretion 
from isolated rat adipocytes in primary culture. In mis m vitro 
svs tem we did not see an acute effect of insulin on leptin 
secretion. This is in agreement with previous reports that 
have demonstrated that the expression of ob gene and leptin 
protein release are not acutely regulated by insulin m vwo 
and in vitro (17, 36). The strong correlationbetween adipocyte 
glucose uptake measured by the decrease in glucose in the 
media during incubation with insulin and the amount of 



is! 



rh 



bar is representative <M m ,„„,„- ^ L6 hm insulin plus 




9eS8W ™ Northern blots. The inset above each bar 
rfthe signal obtained for each condition. 



Fig. 8. Effect of fructose {5 mM) on leptin con* 
b in medium from isolated rat adipocytes m prunaiy culture with a 
low (-1.5 mmol/liter) initial glucose concentration (n - 
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. , m jodated adipocytes is consistent with the 
ptinsecreted from ^^ luc ^ etabolism is a detenni- 
^^nto seSXon. £ addition, the absolute insulin 
ant of leptin secret^ response, inde- 

endently of the effect ^ ^ ph i ore tin, or 
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dines secondary to decreased glucose transport into adipose 
tissue. Upon refeeding, increases in circulating insulin and 
elucose and the resulting increases in adipose glucose uptake 
and metabolism stimulate leptin secretion and restores cir- 
culating leptin concentrations to prefasting levels. This 
model, therefore, can explain the effects of fasting and refeed- 
ing on circulating leptin in humans (2-4) and rodents (5-7). 
In addition, the nocturnal increase in plasma leptin observed 
in humans could potentially arise as a delayed consequence 
of increased insulin-stimulated glucose metabolism follow- 
ing m eals (8). The effect of glucose infusions to prevent the 1 
faU of plasma leptin during fasting in human subjects may 
be similarly mediated (2). 

Thus, leptin secretion appears to reflect the amount of 
glucose transported and metabolized by adipose tissue. 
There is convincing evidence that suggests that a significant 
portion of glucose entering adipose tissue is metabolized to 
lactate and released (34, 35). This lactate may contribute to 
the pool of gluconeogenic precursors during fasting. Our 
results show that when a smaller proportion of glucose car- 
bon taken up by adipocytes is released as lactate, more leptin 
is secreted. These data are consistent with the changes m 
leptin secretion observed during fasting and refeeding. In 
addition, fructose, in the presence of low glucose concentra- 
tions, stimulates leptin secretion, demonstrating that a non- 
clucose substrate can induce the adipocyte to secrete leptin 
Ind suggesting that stimulation of leptin secretion by glucose 
metabolism occurs downstream of phosphofrucrokinase. 

In summary, blockade of glucose transport or inhibition of 
glycolysis inhibits leptin secretion from and gene expression 
in isolated cultured adipocytes. The secretion of leptin is 
directly proportional to the amount of glucose taken up by 
the adipocytes. These results suggest that leptin secretion is 
linked to glucose transport and metabolism and help to ex- 
plain the known effects of feeding/fasting and long term 
glucose and insulin administration on circulating leptin 
concentrations. 
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MUELLER WENDY M., KIMBER L. STANHOPE, 

Sine gregoire, Joseph l. evans, and 

pftER J HAVEL. Effects of metformin and vanadium on 
sec from cultured rat adipocytes. Otes Res. 

Sivrwe 39 have reported that glucose utilization regu- 
Utes leptin expression and secretion from isolated rat ad,- 
to study, we employe* two antidiabetic agents 
C act to increase glucose uptake by peripheral tissues, 
metformin and vanadium, as pharmacological tools to ex- 
TmlnHe effects of altering glucose utilization on leptin 
«cretion in primary cultures of rat adipocytes. 
Te^Z MerHo* an* Procedures: Isolated adipocytes 
SooTl of packed cells per well) were anchored m a 
defined matrix of basement membrane components (Ma 
feO with media containing 5.5 mM glucose and mcubated 
Fo r^hours with metformin or vanadium. Leptm secretin. 
IcL utilization, and lactate production were assessed 
tsuL Metformin (0.5 and 1.0 mM) increased gluco e 

„„.«t™tions less than 0.5 mM, metformin did not affect 

SSSlSrty ^creased glucose utilization w.thout mcreas- 
Sucose conversion to lactate, leptin secretion was mod- 
Sy 8 stimulated (by 20 * 9%; , < 0.05 . Concentration 
torn 1.0 to 25 mM inhibited leptm secretion by 25 ± 8/. 




ip < 0.005) to 89 ± 4% (p < 0.0001). Across metformin 
doses, leptin secretion was inversely related to thepercemv 

age of glucose taken up and released as lactate (r 0.74; 

p < 0.0001). Vanadium (5 to 20 uM) increased glucose 
uptake from 20 ± 7% (p < 0.01) to 34 ± 13% <p < 0.02) 
and increased lactate production at 5 uM by 17 ± 8% (p < 
0.025) and 10 u,M by 61 ± 20% (p < O.02) but did not alter 
the conversion of glucose to lactate. Vanadium (5 to 50 jiM) 
inhibited leptin secretion by 33 ± 6% (p < 0.0025) to 61 ± 
8% (p < 0.0001). 

Discussion: Both metformin and vanadium increase glu- 
cose uptake and inhibit leptin secretion from cultured adi- 
pocytes. The inhibition of leptin secretion by metformin is 
related to an increase in the metabolism of glucose to 
lactate The inhibition by vanadium most likely involves 
direct effects on cellular phosphatases. We hypothesize that the 
effect of glucose utilization to stimulate leptin production in- 
volves the metabolism of glucose to a fate other than anaerobic 
lactate production, possibly oxidation or lipogenesis. 

Key words: glucose uptake, lactate production, 
anaerobic metabolism 

Introduction 

The adipocyte hormone, leptin, has a central role in the 
regulation of food intake, energy expenditure, and body fat 
stores (1,2). Circulating leptin concentrations are well cor- 
related with adipose stores in humans (3-5) and animals 
(5-7). However, leptin production is also acutely regulated 
by nutritional status. For example, circulating leptin de- 
creases after fasting' (6,8-10) or energy restriction (11,12) 
and increases after refeeding or overfeeding (9,13). These 
changes of circulating leptin are disproportionate to the 
relatively small changes of body fat. Although the regula- 
tion of leptin expression and secretion is incompletely un- 
derstood, changes of insulin secretion during fasting and 
refeeding precede changes of circulating leptin concentra- 
tions. There is a growing body of evidence that suggests a 
role for insulin and glucose in mediating changes of circu- 
lating leptin levels in vivo. For example, infusion of small 
amounts of glucose to prevent the reductions of insulin and 
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glucose during fasting in humans also prevents the decrease 
Tn plasma leptin (8). Although insulin administration does 
not acutely increase plasma leptin concentrations in human 
subjects (14,15) increases have been reported after 4 to 6 
hours during insulin infusions producing supraphysiological 
06 17) or physiological (18) increments of plasma insulin 
evels. Similarly, prolonged hyperglycemia and hypennsu- 
linemia in response to extended glucose infusions increases 
nlasma leptin after several hours in nonhuman primates (7) 
and human subjects (19). Lastly, leptin concentrations 
increase 4 to 6 hours after high carbohydrate meals, 
which induce large plasma insulin and glucose responses 
in humans (20). . . 

In vitro studies have shown that insulm increases eptin 
expression and secretion in isolated rodent (21-23) and 
human (15,24) adipocytes. It has not, however, been clear 
whether the effect of insulin to increase leptin production is 
a direct consequence of increased insulin signaling or might 
be indirectly mediated by insulin's actions on glucose me- 
tabolism. Several in vivo studies have provided support For 
the latter explanation. First, glucose administration induces 
increases of ob mRNA expression, which are more closely 
related to changes of plasma glucose than to plasma insulin 
concentrations (25,26). ... _, j 

In addition, the decrease in plasma leptin during marked 
caloric restriction in humans is -better correlated with the 
decrease in plasma glucose than with changes in insuhne- 
mia (11 12). Furthermore, we have found that low plasma 
leptin levels in insulin-deficient streptozotocin diabetic rats 
are acutely increased by insulin administration in proportion 
to the degree of glucose lowering (27). Further support from 
in vitro experiments for a role for adipose glucose utiliza- 
tion in the regulation of leptin production is provided by our 
recent report that increased glucose metabolism is an im- 
portant mediator of insulin-stimulated leptin expression and 
secretion. Blockade of glucose uptake or inhibition of gly- 
colysis decreases ob gene expression and leptin secretion in 
isolated rat adipocytes (28). However, glucose uptake by 
itself, only seems to be important in that glucose must first 
* be taken up by the adipocytes before it can be metabolized. 
Rather than glucose uptake per se, the inverse relationship 
observed, between the proportional conversion of glucose to 
lactate and leptin secretion by isolated adipocytes (28), 
suggests that a regulatory step for glucose metabolism to 
mediate changes of leptin production involved the metabo- 
lism of glucose to a point beyond the anaerobic metabolism 
of glucose-derived pyruvate to lactate: 

Metformin and vanadium are two antidiabet.c agents, 
which are able to enhance glucose uptake and utilization by 
peripheral tissues (29,30). In the present study, we em- 
nloved metformin and vanadium as pharmacological tools 
to examine the effects of altering adipocyte glucose utiliza- 
tion on leptin production in primary cultures of isolated 
adipocytes Glucose utilization, lactate production, and lep- 



tin secretion were measured over 96 hours in isolated rat 
adipocytes cultured in a basement membrane matrix that 
maintains adipocyte differentiation. 

Research Methods and Procedures 
Materials 

Media (Dulbecco's modified Eagle's medium [DMEM]) 
and fetal bovine serum (FBS) were purchased from Life 
Technologies {Grand Island, NY). The media was supple- 
mented with 6 mL each of minimal essential medium amino 
acids, penicillin/streptomycin (5000 U/mL/5000 ug/mL), 
and nystatin (10,000 U/mL; all from Life Technologies) per 
500 mL of DMEM. Bovine serum albumin fraction V, 4-(2- 
hyb^oxyemyl)-l-piperazineethansulf6nic acid (HEPES), colla- 
genase (Clostridium histolyticum, type II; specific activity, 456 
U/mg), insulin, and metformin were purchased from Sigma 
Chemical Co. (St. Louis, MO). Matrigel matrix was purchased 
form Becion Dickinson (Franklin Lakes, NJ). Bis(maltolato) 
oxovanadium(lV) (BMOV), an organified form of vanadium 
(31), was a gift from Drs. John McNeill and Violet Yuen, 
Department of Pharmaceutical Sciences, University of British 
Columbia, Vancouver, BC, Canada. Six-well Falcon plates 
were purchased from Fisher Scientific (Pittsburgh, PA). Nylon 
filters were purchased from Tetko (Kansas City, MO). 

Animals 

Male Sprague-Dawley rats (3 to 6 months of age) were 
obtained from Charles River (Wilmington, MA). Animals 
were housed in hanging wire cages in temperature- 
controlled rooms (22 °C) with a 12-hour light-dark cycle 
and fed Purina chow diet (Ralston-Purina, St. Louise, MO) 
and given deionized water ad libitum. Animal use and care 
was in accordance with the National Institutes of Health 
Guide for the Use and Care of Laboratory Animals and 
conducted in facilities accredited by the American Associ- 
ation for Accreditation of Laboratory Animal Care. The 
study protocol was approved by the Administrative Animal 
Use and Care Committee at University of California, Davis. 

Methods 

Cell Isolation/Preparation. Adipocytes were prepared 
from epididymal fat pads from male Sprague-Dawley rats 
weighing 300 to 600 g. Epididymal fat depots were 
resected from halothane-anesthetized rats under aseptic 
conditions, and adipocytes were isolated by collagenase 
digestion by the Rodbell method (32) with minor 
modifications as previously described (28). The 
isolated adipocytes were then incubated for 30 minutes 
at 37 °C before being plated and cultured on Matrigel- 
coated plates. 

Adipocyte Culture. Adipocytes were maintained in culture 
anchored to a basement membrane matrix (Matrigel, 
Becton Dickinson). Although all in vitro systems have 
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inherent advantages and disadvantages, advantages of th.s 
system compared with cultures containing free-floating 
adipocytes are that the matrix simulates their normal 
basement membrane attachment and that the celts are 
maintained in close proximity to each other, allowing 
direct cell-to-cell contact. Together the cell contact and 
basement membrane attachment help to maintatn dif- 
ferentiation, because adipocytes have a strong tendency to 
dedifferentiate in long term (>24-hour) culture. In 
addition, the matrix and the small amount of serum in the 
media both contain growth factors, which are also likely 
to help maintain cell differentiation. Furthermore the 
adinocytes in this system are not exposed to toxic levels 
of oxygen at the interface of the media and the incubator 
atmosphere, as opposed to free-floating adipocytes which 
afiEreeate at the surface of the media. An advantage of 
the system over those containing minced adipose tissue is 
that all of the cells in the culture are equally exposed to 
the nutrients and the oxygen dissolved in the media. 
Thus although clearly different from the in vivo situation, 
we believe that this system provides a more physiological 
environment than most systems for maintaining 
adipocytes in long term culture. In the case of the present 
studies the goal was to examine the direct actions of 
metformin and vanadium on leptin production and 
adipocyte metabolism. Therefore, the advantage of 
employing in vitro experimentation for this purpose over 
in vivo models was that it was possible to control 
confounding variables, such as effects of these agents on 
food intake, which would indirectly influence leptin 
production via changes of insulin secretion (18,20). 
Unlike an in vivo system, in this study the environment 
surrounding the adipocytes within the individual wells of 
each culture plate was identical with the exception of the 
presence or absence and the concentration of metformin 
or vanadium, allowing assessment of the direct effects of 
the treatments. 

In culturing each suspension, Matngel was first thawed 
on ice to a liquid and uniformly applied to the surface of 
culture dishes (300 fiL of Matrigel/35-mm well). After 
,he incubation period, 150 fiL of the adipocyte 
suspension (2:1 ratio of packed cells to media) were 
plated on the liquid Matrigel matrix. Adipocytes from 
each suspension were thoroughly mixed with a transfer 
pipette before plating to insure that a similar number of 
adipocytes with a similar size distribution were added to 
the control and experimental wells for each suspension. 
The warmth of the added cells and media caused the 
Matrigel to gel around the adipocytes, effectively 
anchoring them to the culture dish. After a 30-mimite 
incubation at 37 °C, 2 mL of warm culture medium was 
added The cells were maintained in an incubator at 37 
°C for 96 hours with 6% C0 2 . Aliquots of adipocytes 
from each animal were divided into wells, with the 



different concentrations of either metformin or vanadium 
(as detailed below). In each plate an appropriate con- 
trol well contained adipocytes from the same animal. 
Adipocytes were incubated with media (DMEM) con- 
taining. 5.5 mM (100 mg/dL) glucose plus 5% FBS at five 
concentrations of Metformin (0.1, 0.25, 0.5, 1.0, 5.0, and 
25.0 mM). A low basal concentration of insulin (0.16 
nM) was added to the incubations performed with 
metformin, because metformin is thought to act in part by 
increasing insulin signaling (33,34). Vanadium was added 
at four concentrations (5.0, 10.0, 20.0, and 50.0 uM) in 
DMEM with 5.0 to 5.5 mM glucose and 1% FBS. 
Adipocytes were cultured with vanadium without added 
insulin, because vanadium action is considered to be 
largely independent of insulin (35,36). To examine the 
responses to insulin in the adipocytes obtained from each 
adipocyte suspension in the vanadium experiments, a 
separate well containing 1.6 nM insulin was included for 
each suspension. In all experiments, aliquots of media 
(300 nL, 15% of the media volume) were collected from 
culture wells and replaced with fresh media containing 
the appropriate concentrations of metformin or vanadium 
at 24, 48, 72, and 96 hours. 

Assays. Leptin concentrations in the medium were 
determined with a sensitive and specific radioim- 
munoassay for rat leptin (37) with reagents obtained from 
Linco Research, St. Charles, MO. Glucose and lactate 
were measured with a glucose analyzer (model 2300, 
YSI, Yellow Springs, OH). 

Data Analysis. The uptake of glucose was assessed by 
measuring the concentration of glucose in the media in 
each well before and at 24. 48, 72, and 96 hours of 
incubation and calculating the decrease over 96 hours 
after correcting for the amount of glucose that was 
removed during each 24-hour media sampling and the 
amount added by the replacement of fresh media (15% of 
total volume).- Lactate production was calculated as the 
increase of media lactate at 24, 48, 72, and 96 hours by 
correcting for the amount of lactate removed by sampling 
and added with media replacement. To examine the 
relationship between adipocyte carbon flux and leptin 
secretion in adipocytes cultured with metformin or 
vanadium, the amount of carbon released as lactate per 
amount of carbon taken up as glucose over 96 hours was 
calculated as lactate production/glucose utilization and 
expressed as a percentage (28). Cumulative leptin 
production was calculated as the change of media leptin 
concentrations at 24, 28, 72, and 96 hours with correction 
for the amount of leptin removed during sampling. The 
area under the curve for leptin production between 0 and 
96 hours was calculated by the trapezoidal method. The 
experimental results from each adipocyte suspension 
prepared from a single animal were analyzed in relation 
to a control well from the same suspension. Given the 
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individual variation in leptin responses between animals 
^dividual van* _ appropriate to compare 

and/or ?j£™ d from different 

mea ns fo™™*^™*™ ^ Therefore? the means for all . 

in = m and vanadium 
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animals and/or ^su pc ^ experiment . 
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I P « the medium concentrations of metformin or 
bCtW ?? m clucos uptake, lactate production, and glucose 

near regression analyses were performed with a 
■3£ sonware package (StatView for Mac.ntosh, 

^^cts on adipocyte 
m at concentrations greater than 5.0 mM, results 
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from * induded . n these analyses 

2 SSTSSw was also examinee Twithin «ol 
groupTalone. Data are expressed as means + SEM. 

Results 

*?? effect — on glucose uptake 

™Tw "the ceding control suspensions con- 
^itZZ (0 16 nM) alone. At 0.25 mM, glucose up- 
taimng insulin (U. • & ™^ ^ effect was not 

StaS = 5)performed at this concentration. Metformin 
Emulated glucose uptake at concentrations of 0.5 mM 
"37 iloS P < 0 005) and 1.0 mM (+62 ± 8%. , < 
n noun compared with that in the correspondmg control 
O.W)01) compare mM ge uptake 

^Zh^^SKnt *™ control Higher concen- 
^'2SSta%25.0 mM) markedly inhibited glu~ 

ZZ»™™™«y reElec,ing a toxic f ect ° h r r 
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S i ;< 0.0"025) v'/insulin alone (Table 1, Figure 1). At 
" ..„. n f 25 0 mM, lactate production was mark- 
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almost completely suppressed. Concentrations of metformin 
of 0 5 mM and below did not affect the proportional con- 
version of glucose to lactate (Table 1). However, glucose 
conversion to lactate was increased at a concentration of 1.0 
mM, and this effect was marked at 5.0 mM with more than 
twice the amount of glucose released as lactate (Table 1). 
Although 1.0 mM metformin did increase mean glucose 
uptake over control rates, a significantly larger proportion of 
the glucose that was taken up was released as lactate. The 
concentration of 0.5 mM was the only level of metformin 
that induced a significant increase of glucose utilization 
without increasing the proportion of glucose carbon re- 
leased as lactate (Table 1). _ 
At concentrations of metformin lower than 0.5 mM, 
leptin secretion was unaffected. With metformin at 0.5 mM, 
the area under the curve (AUC) for leptin secretion over 96 
• hours was significantly greater (+20.5 ± 9%, p < 0.05) 
than control (Figure 2). Metformin inhibited leptin secretion 
at concentrations of 1-0 mM (-25 ± 8%, p < 0.005), 5.0 
mM (-89 ± 4%, p < 0.0001), and by 90% at toxic 
concentrations of 25.0 mM (p < 0.0001) (Figure 2). 

Within the 18 control wells, leptin secretion was 
inversely related to the conversion of glucose to lactate 
( r = -0.61; p < 0.01). At metformin concentrations from 
0 to 5.0 mM, leptin secretion was inversely proportional to 
the log of the metformin concentration (r = -0.53; p < 
0 0001), to lactate production (r = -0.53;p < 0.0001), and 
to the proportional conversion of glucose to lactate across 
metformin doses (r = -0.74; p < 0.000 l)(Figure 3) but 
was not related to glucose uptake (r - 0.13; p = 0.27) by 
simple regression. By multiple regression analysis, leptin 
secretion was inversely related to the conversion of glucose 
to lactate (p < 0.0001) but not to the log of the metformin 
concentration (p = 0.91), lactate production (p = 0.39), or 
glucose uptake <p = 0.62). Leptin secretion was only in- 
creased over control by metformin at 0.5 mM, which was 
also the only concentration that significantly increased glu- 
cose uptake without shunting a greater proportion of tbe 
glucose into lactate production (Table 1). A similar inverse 
relationship (r = -0.73; p < 0.0025) between leptin pro- 
duction and anaerobic glucose metabolism to lactate was 
observed in 32 control wells containing either no insulin or 
a low insulin concentration of 0.16 nM (-20 u-U/mL) 
(Figure 4). 

Effects of Vanadium 

The effects of vanadium on glucose uptake, lactate pro- 
duction, and leptin secretion were examined in adipocytes 
cultured with concentrations of vanadium of 0 to 50 ^M. 
Vanadium at 5.0 uM (+20 ± 7%, p < 0.01), 10.0 
(+38 ± 12%, p < 0.02), and 20.0 uM (+34 ± 13%, p < 
0 02) increased glucose uptake, compared with rates of 
glucose uptake in the corresponding control suspensions 
(Table 2, Figure 5). The effect of vanadium at these con- 
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" rf ■„ in thp nr esence of 0 16 nM insulin on glucose uptake, lactate production, and the 



culture (mean ± SEM) 

(Metformin] (mM) + 
Insulin (0.16 nM) 



Glucose uptake 
(txmol) over 96 hours 



Lactate production 


Glucose to 


(juwiol) over 96 hours 


lactate (%) 


5.7 ± 0.5 


40.9 ± 3.6 


5.9 ±0.6 


47.2 ± 6.3 


8.6 ±1.3 


40.2 ± 5.9 


9.5 ± l.2t 


44.9 ± 5.1 


14.4±0.9J 


63.8 ± 3.4* 


14.4±1.0J 


85.6 + 4.1* 



Control (n = 18) 

0.1 (n = 4) 

0.25 (n = 5) 

0.5 (» = 9) 
1.0 {n = 18) 
5.0 (« = 15) 



7.5 ± 0.7 
6.5 ± 0.9 
1 1.0 ± 1.4 
11.0 ± 1.2t 
11.6±0.7J 
8.3 ± 0.6 



*p = 0.01; tp= 0.005; %p 



= 0.0005; vs. corresponding controls from the same adipocyte suspensions. 



centrations was comparable to ft* of msuhn at 1.6 nM, 
which increased glucose uptake by 38 ± 8% (p < 
f!o001)(Table 2, Figure 5). Vanadium at 50.0 ^ 
significantly affect glucose uptake (%A = -4 ± 14/o). 
Vanadium at 5.0 increased lactate product by + 
17 + 8% (P < 0.025). Mean lactate production m the six 
weUs that served as controls for the 10.0 uM concentration 
of vanadium was lower than average; however lactate pro- 
duction was increased in five of six corresponding experi- 
mental wells. Thus, vanadium at 10 u,M increased lactate 
Auction by 61 ± 20% (p < 0.02) despite absolute lactate 
SXSon being similar to the mean of the total 14 contro 
wells At 20 0 and 50.0 ftM, lactate production was not 
significantly different from that of the control (Table 2). 

METFORMIN 



Insulin at 1 .6 nM increased leptin secretion over 96 hours 
by 59 ± 15% (P < 0.005) and die 0- to 96-hour AUC by 
38 ± 8% (p < 0.000 l)(Figure 5). Leptin secretion was 
unaffected by vanadium at a concentration of 5 uM. Higher 
concentrations of 10, 20, and 50 jjM consistently inhibited 
leptin secretion over 96 hours by -33 ± 6% (p < 0.0025), 
-53 ± 7% (p < 0.0001), and -61 ± 8% (p < 0.001), 
respectively (Figure 6). Across vanadium concentrations, 
leptin secretion at 96 hours was positively correlated with 
glucose uptake (r « 0.35; p < 0.02) and inversely related to 
the log of the vanadium concentration (r = -0.44; p < 
0.0001), to lactate production (r = -0.30; p < 0.025), and 
to the conversion of glucose to lactate (r = -0.58; p < 
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Fieure I Glucose utilization (corrected for media sampling and 
replacement) over 96 hours by isolated rat adipocytes in primary 
culture with insulin at 0.16 nM and metformin at concentrahons 
from 0 to 25.0 mM. 
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Figure 2. Leptin secretion (corrected for media sampling and 
replacement) over 96 hours by isolated rat adipocytes in primary 
culture with insulin at 0.16 nM and metformin at concentrations 
from 0 to 25.0 mM. 
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Figure 4. Relationship between the percentage of glucose _«aken up 
T«i«w as lactate and leptin secretion over 96 hours by 
a l^Zt orinW in 32 control wells containing no 

section, glucose utilization, and lactate producuon are corrected 
for media sampling and replacement. 



glucose uptake (p = 0.22). Despite the relationship between 
leptin secretion and the conversion of glucose to lactate 
across vanadium concentrations, unlike with metformin, the 
percentage of glucose released as Lactate was not altered 
by any concentration of vanadium (Table 2). In contrast, 
insulin at 1.6 nM, which significantly decreased the 
proportional conversion of glucose to lactate {i.e., anaer- 
obic' glucose metabolism) (Table 2), stimulated leptin 
secretion (Figure 6). 



Discussion 

We have recently reported that insulin-mediated glucose 
metabolism is an important factor regulating leptin expres- 
sion and secretion in isolated rat adipocytes (28). Some 
previous studies have shown that drugs in the thiazo- 
lidinedione class, which are used in the treatment of type 2 
diabetes, can inhibit leptin production in vitro and in vivo 
(38,39). In the present study, we examined the effects of 
metformin and vanadium, two other antidiabetic drugs 
known to increase cellular glucose utilization, on leptin 
secretion, glucose uptake, and lactate production in isolated 
cultured rat adipocytes. Our goal was to use these com- 
pounds as tools to examine their effects for altering adipo- 
cyte glucose utilization on leptin secretion. Therefore, we 
used concentrations within a range that were found to pro- 
duce significant increases of adipocyte glucose uptake. Par- 
ticularly in the case of metformin, these concentrations 
(0 25 to 5.0 mM) were far above the range of plasma 
concentrations (0.005 to 0.02 mM) observed in patients 
treated with therapeutic doses, of metformin (40). In fact, at 
therapeutic concentrations, metformin seems to act primar- 
ily to inhibit hepatic glucose production with limited, if any, 
effects on peripheral glucose uptake (41-43). At therapeutic 
concentrations, metformin generally has little direct effect 
on glucose utilization in vitro (44,45). At concentrations 
higher than those achieved in serum with therapeutic met- 
formin administration, metformin stimulates glucose trans- 
port by rat (46,47) and human adipocytes (48), and in rat 
and human skeletal muscle (see reviews in 29,34,48,49). At 
the cellular level, high concentrations of metformin increase 
insulin receptor binding, along with tyrosine kinase activity, 
glucose transport, and glycogen synthesis (33,34). 

In the present study, metformin concentrations ranging 
from 0.5 to 5.0 mM increased both glucose uptake and 
lactate production. In addition to increasing absolute lactate 
production, metformin at 1.0 and 5.0 mM increased the 
percentage of glucose carbon that was metabolized to lac- 
tate and released into the culture media by 80% to 170%. At 
high concentrations of metformin (= 25.0 mM), both glu- 
cose uptake and lactate production were markedly inhibited, 
most likely due to a toxic effect of very high levels of 
metformin on cellular metabolism. Metformin at 0.5 mM 
modestly increased leptin secretion by -20%. 
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(mean ± SEM) 
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Control (« = I 4 ) 
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5.0 (« - 12) 
10.0 (n = 6) 
20.0 (n = 12) 
50.0 (n = 13) 



Glucose uptake 
(fimol) over 96 hours 



Lactate production 
(fj.mol) over 96 hours. 



6.8 ± 0.5 
9.4 ± 0.9$ 

7.8 ± l.l§ 
8.2 ± 1.3$ 
8.7 ± 1.2J 

6.9 ± 1.02 



5.6 ± 0.6 

5.7 ± 6.7 
5.7 ± 0.6* 

5.2 ± 0.8t 

6.3 ± 0.6 
4.9 ± 0.5 



Glucose to 
lactate (%) 



42.4 ±4.3 
33.0 ± 3.5J 

40.5 ± 4.7 
36.0 ± 6.5 

41.6 ± 5.0 
53.3 ± 9.4 



7^ m 005 , tp . Q Q2 . %p = Q.0025; = 0.0005; vs. corresponding control wells from the same adipocyte suspensions. 



importantly, this was the only concentration of me - 
fbnrin tested that increased glucose uptake wtthout shunt- 
r* greater proportion of glucose into lactate product.on. 
SSm concentrations of 1.0 mM and higher, leptin 
«S was modestly to markedly suppressed 
Ts^cant proportion of glucose taken up by ad.pose 
tissue fmrJizeV to lactate and released (50). At met- 
Zfe concentrations * 5.0 mM, leptin secretin was m- 
v^eTy Xed to the amount of glucose taken up by the 
XocyS , converted to lactate, and released mto the me- 
toW. h ve previously observed that the simulation of 
lentin secretion by insulin is associated not only with »n- 

reased^lu ose utilization, bu. with a decrease in the pro- 
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Figure 5. Glucose 
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culture with vanadium at concentrations from 
insulin at 1 .6 



r^Lement) over 96 hours in by isolated rat adipocytes in primary 
re P ,aCemC " fl , .eventrations from 0 to 50.0 fiM or w,th 



portional conversion of glucose to lactate (28), a finding that 
was also observed within the control groups in the present 
study (Figure 4). Thus, when lactate production is increased, 
less carbon derived from glucose is available to enter the 
tricarboxylic acid cycle either for oxidation or use in de 
novo Hpogenesis. Together, these data suggest that it is not 
glucose uptake, per se, but its metabolism beyond pyruvate 
and lactate in the adipocyte that is involved in the action of 
glucose to stimulate leptin secretion. Thus, the anaerobic 
metabolism of glucose does not stimulate leptin production. 
The entry of glucose into the hexosamine biosynthetic path- 
way and the production of UDP-glucosamine have been 
suggested as a mechanism by which glucose utilization can 

VANADIUM 



Figure 6. Leptin secretion (corrected for media sampling and 
replacement) over 96 hours by isolated rat adipocytes in primary 
culture with vanadium at concentrations from 0 to 50.0 pM or with 
insulin at 1.6 nM. 
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..imitate lectin production in adipose tissue (51). However, 

oTt^mdLte that glucose can be — -d to 

T , T l ooint well beyond where glucose enters the hex- 

T2el2lZ wi*°ut stimulating leptin production. 

T^o^tT^o^ pathway were to be the sole 

TrZm bv which glucose regulates leptin production, 
mechanism by whi g ^ 

ZZ^ ^-d/ormetformin itself, have an inhibitory 
Sron glucose entry into this pathway. The results of 
u Lint study suggest that it is more likely that the 

fn involves glucose oxidation and/or the products of 
^""oTand 0.25 mM did not effect glucose 
meVaboHsm or leptin secretion. Thus, metformin at thera- 
Sc levTls is unlikely to affect leptin production m vivo. 
Of me concentrations of metformin tested in this study only 
?5 mMTncreased glucose uptake without shunting a larger 
of the glucose into lactate. As prev.ously d.s- 
P % this wis the only concentration of metformin that 

C h U a S d SeS oT. ucose metabolism that did not inhibit tap*, 
had effects on giu ^ ^ modestly in 

"etabolism beyond lactate were simultaneously increased, 
Tid we Z^ean increase, and not an inhibition, of leptin 
'icrTtton Therefor it seems that only within a very narrow 
secretion^ n metformin ablc to have a net effect to 

concentrat on range « metflbo l is m beyond 

ZTf^SM^ ^ordingly, me effects of 
Ziiin to inhibit leptin secretion at most concentrations 
mCd is Sly to be a result of its effects to direct 
P^^t^ into lactate and away from other po- 
S pathways for pyruvate metabolism such as ox.dation 



The use of vanadium-containing compounds in the trea - 
me ^ of tobetes has been widely investigated in ammals 
S 53) and a few clinical trials have been conducted in 
{?4?3h >* f54 55) A co mpound structurally similar to 

hasTently entered Phase 1 clinical trials. To our knowl- 
eS e the present study is the first report exam.mng the 
eJfec'ts of a vanadium compound on leptm producuon m 

Vi Vanadium'sTimulated glucose uptake at concentrations up 
t0 20 X whereas glucose uptake was not affected by a 

—Son of 50 uM. Lactate production was modestly 
concentration o 5U* concentrations of vanadium. We 
a low concentration of 5.0 (M did 

TtZl leptin production, however, concentrations of 

To oX rjsji i» hibiKd secrcti ° n fr ° m v s f ted 

Sipoc^et by 30% to 60%. Although the amount of leptm 
t£Z was Aversely proportional to the percentage con- 
vSon oTglucose to lactate across the concentrations of 



vanadium tested, this relationship was significantly weaker 
than that observed across metformin concentrations. 

Furthermore, the proportion of glucose taken up and 
released as lactate was unaffected by vanadium at any 
concentration. Thus, in contrast to what was observed with 
metformin, the ability of vanadium to inhibit leptin secre- 
tion seems to be independent of any effects on glucose 
metabolism or lactate production, most likely because it 
does not increase the proportion of glucose fluxing into 
anaerobic metabolism. 

The observed effects of vanadium result from one or 
more of the multiple known biological actions of vanadium 
in cells. These include the inhibition of protein tyrosine 
phosphatases and the activation of cytosolic protein- 
tyrosine kinases, resulting in the alteration of cellular ty- 
rosine phosphorylation content (30,56). Vanadium has also 
been shown to exert direct inhibitory effects on a number of 
other cellular enzymes, including acid, alkaline, and dual- 
function phosphatases, ATPases,' glucose-6-phosphatase, 
and fructose-2,6-bisphosphatase (30,55). At high concentra- 
tions, vanadium might exert some toxic effects on the cells, 
an effect which could underlie the lack of effect of the 
highest concentration of vanadium to stimulate glucose 
uptake, as well as the inhibition of leptin production at the 
two highest concentrations examined. In particular, the 
effects of vanadium to inhibit the activity of one or more 
enzymes involved in cellular energy metabolism could 
both inhibit leptin production and, at high concentrations, 
impair the ability of the cell to utilize energy derived 
from glucose metabolism. 

In vanadium-treated animals, plasma vanadium concen- 
trations have been estimated to be in the 10 to 20 fiM range 
and in human clinical trials in the 1 to 5 fiM range (53). 
Although it is unlikely based on the present results that the 
concentration of vanadium achieved in humans would be 
sufficient to affect leptin production, previous human stud- 
ies employed low doses of vanadyl sulfate or sodium meta- 
vanadate, which are molecular forms that exhibit poor 
bioavailability. The potential effects on leptin secretion of 
the more readily absorbed forms of vanadium, such as the 
organified vanadium compound (BMOV) used in 
the present study (31), should therefore be considered. 

In summary, both metformin and vanadium inhibit leptm 
secretion from primary cultures of rat adipocyte at concen- 
trations that significantly increase glucose utilization. The 
inhibition of leptin production by metformin, but not by 
vanadium, is related to an increased conversion of glucose 
to lactate (i.e., anaerobic metabolism). This effect of met- 
formin, coupled with our previous findings (28), suggests 
that the effect of glucose utilization to stimulate leptin 
production is not mediated by glucose uptake per se but 
involves the metabolism of glucose beyond pyruvate to a 
fate other than lactate, possibly oxidation or lipogenesis. 
Thus, metformin is a useful tool for examining the effects of 
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increasing anaerobic glucose metabolism. Further research 
Sding examination of the potennal roles of glucose 
oxIdatioS and lipogenesis, needs to be conducted to dtf*. 
Se he precise biochemical and molecular mechamsms by 
which glucose metabolism regulates leptm production. 
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